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I lands were put lo- 
gether with a higher 
level of precision. 
The results were 



$l.'i,ooi)' Nissan Alttmcf quite astonishing. 



system and over 3300 
precision welds, the 
Althnai tolerances 
between body panels 
proved to be every bit 
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squeaks and rattles are Nissan AUimas cabin let nothing slip through tailored to offer re- 
virtually nonexistent. and you'll see that we the cracks. The seats markable support. 
Slide inside the have been specially Every control has been 

thoughtfully placed to 
assist the driver. All 
four doors have been 
triple-sealed to help 
keep out moisture. 




And noise is so minimal 
that at 55 mph, the 
Nissan AUimas cabin is 
actually quieter than a 
BMW 325i's*** 

But while the AUima 
delivers total comfort, 
you can rest assured 
you won't fall asleep at 
the wheel. A 150-horse- 
power engine offers 
exemplary responsive- 
ness, while its suspen- 
sion is yet another 
Nissan engineering 
marvel. On a slalom 
course the AUima can 
beat an Acura Legend 
L Sedan*** 

Call us at 1-800- 
NISSAN-3,ext.604, 
and find out more 
about our amazing new 
car You'll discover that 
an automobile that's put 
together well needn't 
put you well into debt. 

The New Nissan 

Altima 

Its time to expect 
more from a car? 



charges and options. *** Based on independent tests' conducted by USAC. Body panel tolerances based on average gap consis! This One 
Nissan Altima XEorSE vs. 1992 competitive vehicles. Slalom comparison based on course completion time. Interior quietr 
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ON FEBRUARY 5, 1992 
ALL OTHER BOOTS 
BECAME OBSOLETE. 



That's the day revolutionary Wolverine 
DuraShocks' hit the market. With the patented com- 
pression pad system on the sole that delivers comfort 
like no other boots in existence. DuraShocks" techno- 
logy combines the Bounce' sole which works as a 
^gv-Mi^^^ shock absorber to cushion 

^^^^^^^^^^ the foot and a foam footbed 
with a unique polymer heel pad to absorb the shock 
of impact. Lightweight, durable and Guaranteed 
Comfort or your money back. Thafs American made 
technology like nothing else on earth. 



For a Free Video on DuraShocks" and the Dealer 
nearest you Call 1-800-543-BOOT. 

Then see for yourself why Wolverine DuraShocks' 
make all other boots history. Available in oxfords, 6", 8", 
xvellingtons and steel toes. 
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Secret Mach 6 
spy plane 




An eyewitness description, a secret Nevada test site, and a new look at advanced aero- 
nautics paint a portrait of Aurora, America's newest secret reconnaissance aircraft. A 
Federation of American Scientists report also posits the existence of the plane, along 
with others flying in the Pentagon's 'folack world." 



66 A house for all 



The architectural style may be classic Mediterranean 
villa, but the 1993 New American Home contains 
some of the most technologically advanced home- 
building products available today, complementing the 
home's energy-saving and environ- 
mentally friendly themes. 





74 The unb earable 
lightness of space travel 

Prolonged weightlessness in near-zero gravity could 

endanger human health, as well as NASA's plans for 
: long missions. The ill effects include muscle- 
wasting and heart shrinkage. Here's how re- 
searchers are studying the problems — and hope to solve them. 

so Minivans to the max 



Volkswagen EuroVan, Mercury Villager, 
Nissan Quest, and Dodge Grand Caravan: 
One is the tallest, two are the widest, and 
one is the longest. We tell you which is which 
and which is the best. 
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The little engine that could 

This one-cylinder four-cycle gas-powered engine is 
lightweight enough for hand-held outdoor power 
equipment — and clean enough for stringent emissions 
standards that are coming soon. 
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From The Editor 



The existence of 
a high-flying 
black project, 
code-named Aurora, 
has been suspected 
for years. Indeed, 
this magazine was 
among the first, in 
November 1988, to 
describe such an 
aircraft. It now ap- 
pears that the evi- 
dence is substantial 
beyond a doubt. In 
our cover story this 
month, author Bill 
Sweetman pieces 
together a vivid por- 
trait and an opera- 
tional scenario of 
America's latest se- 
cret spy plane. 

U.S. officials from the Congress to 
the Pentagon firmly deny Aurora's ex- 
istence. But then, that's their policy. 
Sweetman, however, is among the 
most knowledgeable aviation journal- 
ists in the world. And his conclusion 
— that we've spent billions of tax dol- 
lars to build and fly aircraft the public 
has not been told about — is supported 
by the prestigious Federation of 
American Scientists. 

Ear- and eyewitness reports, expert 
analysis of aviation technology that is 
known to exist, and even the govern- 
ment's own seismic records all fit into 
Sweetman's detailed account of the 
latest thing in the air that supposedly 
doesn't exist. See if you don't agree. 




Contributor Robert Gannon suits up for a mi 
crogravity experience. 



R 



, obert Gannon is a long-time con- 
tributor to this magazine who has 
ian undeniable penchant for get- 
ting close to his work. From his under- 
ground account of the Chunnel digging 
between France 
and Britain to his 
up-to-the-treetop 
reporting on sci- 
entific studies in 
the Costa Rican 
rain forest, 
i Gannon is a 
man who is 
hard to sepa- 
rate from the 
subjects of 
his stories. 

November 1988: Popular 
Science reports on Aurora. 




In this issue, he 
weighs in with a first- 
hand account of re- 
search on the physio- 
logical effects of 
weightlessness. 

Gannon walked a 
treadmill underwater 
and jogged in place 
— vertically — to expe- 
rience the Mars-like 
microgravity astro- 
nauts will encounter 
during future space 
missions. Somehow, 
amid all this grueling 
physical activity, he 
also managed to put 
together an update 
on the progress 
that scientists are 
making in under- 
standing and contending with the ef- 
fects of near-weightlessness. 
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ot quite weightless, but close, is 
Ryobi's tiny four-stroke engine. 
This little wonder is apparently 
the breakthrough needed as the dead- 
line for stringent emissions regula- 
tions for outdoor power tools rapidly 
approaches, first in California in 
1994, and eventually everywhere else. 
Associate Editor Judith Anne Gun- 
ther (formerly Judith Anne Yeaple) 
provides a closeup look at Ryobi's ac- 
complishment other manufacturers 
will surely try to follow. 

Contributing editor Michael Morris 
returns with a report on the New 
American Home, a smorgasbord of 
high-tech construction products, tech- 
niques, home fixtures, and electronic 
furnishings. This, too, is a case of 
hands-on reporting. In our partnership 
with the National Association of Home 
Builders, Morris served as the new- 
technology guru for this model house. 
The structure reflects progressive de- 
sign and engineering in the areas of 
environmental friendliness, electronic 
home management, entertainment 
and education, and handicapped acces- 
sibility. No doubt youH see why we call 
it a house for all reasons. 
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Readers Talk Back 



Blackbird blooper? 

The editorial-staff picture in front of 
the SR-71 Blackbird that you labeled 
the A- 12 deserves a big "duh!" ["From 
the Editor," Dec. '92]. I'm laminating, 
framing, and hanging this beautiful 
blooper. 

Michael R. Elfindale 
Hilo, Hawaii 

My lovely new bride, Michelle, point- 
ed out that the picture is of the fa- 
mous SR-71 Blackbird. In the future, 
please call Michelle when it comes to 
aircraft. 

George Major, Cambridge, Mass. 




A side view of the A- 1 2 Blackbird, the plane that 
appeared on page 4 of our December 1 992 issue. 

Many people don't know it, but there 
were at least two earlier versions of the 
SR-71; the one pictured in the Dec- 
ember issue is the A- 12. It is a single- 
seat predecessor to the two-seat SR-71 
Blackbird, which looks, and is, very 
similar to it (see photo on page 62). The 
A- 12 was built for the CIA and flown 
by CIA pilots. The government then de- 
cided to proceed with the SR-71 vari- 
ant, which was operated and piloted 
by the Air Force. Both are Lockheed 
Skunk Works products designed by the 
legendary aeronautical engineer Kelly 
Johnson. — Stuart F. Brown 

Material matters 

What do you mean when you say that 
SEAgel is lighter than air ["Science 
Newsfront," Oct. '92 1? A lead balloon 
would also float away if not for the air 
inside. 

Ed Cobb, Columbia, Md. 
I found the "Lighter than Air" article 



confusing. If two things are mixed to- 
gether, in whatever ratio, and one is 
air and the other is lighter than air, 
the resultant is bound to be lighter 
than air. 

Henry Ariail, Sewanee, Tenn. 

The SEAgel material is riddled with 
microscopic pores; any gas the mate- 
rial is exposed to will fill the pores. If 
you were an air molecule, SEAgel 
would look like "a ten-foot wall with 
a nine- foot door in it," explains 
Robert L. Morrison, the scientist who 
invented the material. While the 
"walls" themselves are not lighter 
than air, a chunk of SEAgel without 
any air in it is lighter than an equiv- 
alent volume of air. Unlike a lighter- 
than-air balloon, SEAgel is a sol- 
id — it doesn't have a hollow center. 
— Dawn Stover 

Apples and oranges 

It's wrong to compare the destruction 
of the Brazilian rain forest with the 
logging of the Oregon forest ["Science 
Newsfront," Nov. '92]. The Brazilian 
rain forest has been replaced by agri- 
culture, while the Oregon forest has 
been replanted and is still a forest. I 
live on land that has been logged sev- 
eral times, and I assure you there are 
not fewer species of wildlife, but more! 
It also supports 24- to 30-inch-diame- 
ter 60- to-80-foot-tall trees that some 
would call "old growth." 

R M. deLaubenfels, Corvallis, Ore. 

As our story noted, Oregon's national 
forests are replanted after logging, 
while Brazilian forests are typically 
converted to agricultural uses. There 
is ample evidence, however, that 
forests may take centuries to recover 
from clear-cutting. For example, a re- 
cent study of Appalachian hardwood 
forests that were clear-cut as long as 
87 years ago reported that the forests 
contained only half as many plant 
species as similar forests that were 
never logged. — Dawn Stover 

Editor's note: Sewer Shark ("Games 
CD-ROMs Play," Dec. '92] was devel- 
oped by Digital Pictures and is pub- 
lished by Sony Imagesoft. 

Address letters to Readers Talk Back. Popular Science, 2 
Park Ave., New York. N Y. 10016. Or fax your tetter to us at 
212-481-8062. Letters may be edited for space and clarity. 
We regret that we cannot answer unpublished letters. 
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Nothing can touch a new Turbo or Turbo Pro for sheer, go-anywhere grunt. Power to 
maneuver a big rig in cover thick enough to walk on. Power to manhandle rocks and 
stumps. Power to fish anywhere, open water to weeds, without changing props. Only Minn Kota 
delivers up to 48 lbs. of quiet thrust, an unbreakable composite shaft, and our Weedless 
Wedge prop that won't choke, ever. Bow or transom, hand or foot control, only Minn Kota 
has the power to get you closer to fish. (And while you're out, pick up any old line or 
containers. Clean waters are better for us all.) WWWtnn MOTfM Gets you closer to fish. 
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"It's like a sports car 
with room for the kids." 

Just because you've got 2.3 kids, a house and a mortgage. Just because you're a "responsible" 
adult You still know how to have a good time, don't you? Sure you do, in a Grand Am® Sport Sedan, 
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££j£rTr No-deductible Limited Warranty, 24-hour Roadside Assistance 
and Courtesy Transportation. See your dealer for details. 



'Based on MSRP of Honda Accord EX Sedan. Level of equipment varies. 
~]*} r Buckle Up. America! ©1992 GM Corp. All rights reserved. 




The New Grand Am. 






In Search of Balance 




Ninety-two 
percent of all 
Americans 
believe that a balance 
can be struck between 
environmental protec- 
tion and economic develop- 
ment. Our 1992 national pub- 
lic opinion survey with The 
Roper Organization showed 
that almost every American 

wants greater efforts made to protect the environment and 
believes that insufficient progress has been made to date. We 
must find balanced solutions to environmental problems that 
can be supported by the four out of five Americans who are 
concerned about the environment. 

Judging from the rhetoric in most of the environmental de- 
bate, however, balance is an elusive concept. Too often, envi- 
ronmental problems are portrayed as either/or choices where 
no middle ground exists between environmental protection and 
economic progress. It's the greens versus the browns. 
Times Mirror Magazines Conservation Council 
In 1990. this magazine joined with the 1 1 others in the Times 
Mirror Magazines family to form the Times Mirror Magazines 
Conservation Council. Its goal: to involve our 30 million read- 
ers in the conservation of natural resources. 

Throughout 1993. we plan to continue supporting balanced 
solutions to natural resource problems. Balancing requires a 
focus on long-term economic and environmental solutions, 
rather than letting outcomes be dictated by short-term econom- 
ic or environmental dislocations. 

We support a conservation approach to natural resource so- 
lutions rather than preservation. By conservation we mean that 
natural resources can be both protected and used through care- 
ful management. Preservation means protecting natural re- 
sources by locking them away from human use. Our public 
opinion poll showed that seven out of ten Americans favor a 
conservation approach to natural resource management; only 



one in four Americans 
is a preservationist. 
Balanced environ- 
mental solutions also result from 
increased environmental educa- 
tion. Education creates 
awareness, and from aware- 
ness springs action. By 
helping Americans to real- 
ize the importance of a 
healthy ecosystem and its role 
in supporting a sound economy, balanced actions to 
solve problems will be developed. To promote such 
a realization, the Conservation Council has created the Partner- 
ship for Environmental Education, which provides grants to help 
local environmental education efforts. If you know of programs 
we should be supporting, we'd like to hear from you. 

Some readers question why we devote our magazines' pages 
to features like the Voters' Guide to Environmental Issues for 
the fall 1992 elections. We believe that if we do not try to stem 
the tides of resource degradation and environmental overreac- 
tion, the results will be both lost opportunities to enjoy natural 
resources and a loss of precious biological diversity. 
The Issues 

Here's where our Conservation Council will be working with 
the Clinton administration and the new Congress: 

• Public Access to Public Lands. The General Accounting 
Office has found that 50.4 million acres of public land lack 
public access, an area about the size of most of the East Coast 
states added together. The use of these lands is blocked when 
private landowners close access roads. This gives them exclu- 
sive use of land to which each American has an equal right. 

The answer? Increased appropriations for the acquisition of 
easements to access public lands along with documentation of 
where legal access already exists. Our survey showed that a 
majority of Americans believes resolving blocked access to 
public land is an important priority. President Clinton agrees, 
having promised in our Voters' Guide that, if elected, "I would 
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work to ensure appropriate ac- 
cess to public lands." 

• Clean Water Act. The Con- 
servation Council has an active 
interest in the Act's reauthoriza- 
tion as it pertains to wetlands 
and water quality improvement. 
Water quality and wetlands pro- 
tection are important concerns 
among our readers, even more 
than for the general public — 79 
percent of whom believe more 
effort is needed to fight water 
pollution. President Clinton sup- 
ports a "no net loss" of wetlands 
policy and has promised "to 
work with the scientific experts 
at the National Academy of Sci- 
ences to devise appropriate poli- 
cies to protect our wetlands." 

• Marine Fisheries. The main 

law governing marine fisheries management is up for reautho- 
rization in 1993, and this couldn't come soon enough. Marine 
fisheries are in their worst shape ever. Sixty-four out of 101 
species for which information is available are overfished. 
Greater conservation is needed to bring back fish stocks and the 
resultant economic benefits of their use. The financial incentive 
to over-harvest fish must be removed in certain cases, such as 
the striped bass, by making these available only for sport. Eighty 
percent of Americans are prepared to limit commercial fishing 
to protect fish stocks — even if this means paying more for fish. 

• 1872 Mining Law Reform. The current law is antiquated 
and needs updating to 20th-century needs. However, the law 
has spawned an industry with its attendant mining communi- 
ties. Changes in this law should not result in major local disrup- 
tions or threaten the supply of hard-rock minerals. Allowing 
miners to buy public land for five dollars or less an acre under 
the current law should cease. But other mechanisms to ensure 
that miners are able to capitalize on their risky investment in lo- 
cating a viable claim should be put in place. Bonding to make 



POPULAR SCIENCE'S 
ENVIRONMENTAL MISSION 

Environmental issues have always played a prominent 
part in Popular Science's editorial menu. Clean air 
and water, biodiversity, and unspoiled natural resources are 
vitally important to our readers, as to the population at 
large. But by the very nature of their interests, our readers 
want to learn about the impact of science and technology on 
environmental quality. 

To that end POPULAR SCIENCE has published— and will 
continue to publish — articles demonstrating our conviction 
that science and technology have an ever more powerful 
role in fostering environmental well-being. The critical is- 
sues we've covered include global warming: zero-emis- 
sions electric cars: the chemistry and meteorology of the 
ozone hole: cleaning up oil spills with bacteria: the dangers 
of "tight" houses: and using bioremediation to handle toxic 
and nuclear wastes. Nothing could belter exemplify our 
commitment than our July 1992 special issue. "Environ- 
ment and Technology." which explored this theme in every 
feature and department. 

Future articles will include such topics as clean coal, non- 
fossil fuels, the status of cold fusion, and the promise of 
fuel cells. 



sure mined sites are restored 
should always be required. And 
a royalty should be phased in, 
with the funds used to restore ar- 
eas damaged by previous min- 
ing. Such a royalty is supported 
by 76 percent of Americans. 

• Endangered Species Act. 
We support a strong endan- 
gered-species law, based on sci- 
entific judgment, that considers 
the costs of protection. Cost 
considerations, however, should 
not be used in deciding whether 
or not the species is endangered; 
that should be based solely on 
the ecology of the animal or 
plant. Our public opinion survey 
showed that most Americans 
want tough natural resource 
questions answered by scien- 
tists. President Clinton agrees, having said, "I believe listing de- 
cisions for species under the Endangered Species Act should be 
based on science, not politics." 
A Conservation Peace Corps 

One of the most exciting ideas President Clinton mentioned in 
his response to our Voters' Guide questions last fall was his de- 
sire to create a civilian conservation corps "as a low-cost way 
to restore infrastructure on public lands." We support this idea 
and believe our readers can help make this happen. We would 
like to turn words into actions, under the banner of a "Conser- 
vation Peace Corps." 

One approach to a conservation corps would be to recruit 
disadvantaged youth from the inner city and involve them in 
the restoration of natural resources and public infrastructure on 
public lands. This might involve the use of military resources 
that have become redundant with the end of the Cold War. Our 
Conservation Peace Corps could bring disadvantaged youth in- 
to the mainstream and improve natural resources and outdoor 
recreation across the country. 



WHAT DO YOU THINK? 



The Times Mirror Magazines Conservation Council was devel- 
oped to reflect your views. We give our readers a voice in 
Washington. D.C.. as part of their subscription. But we need your 
input to make sure we're on the right track. We w ill take your view- 
points into account. 

1. ) What do you believe are the three most important natural re- 
source problems in America'.' 

2. ) Which conservation problems should Congress and the Clinton 
administration be addressing .' 



3. ) Does our agenda for natural resources reflect your sense of bal- 
ance between environmental protection and economic grow th'.' 

4. ) Would you be willing to donate one weekend day a month to a Con- 
servation Peace Corps for environmental restoration of public lands'? 

5. ) Should the Clinton administration make the creation of a Con- 
servation Peace Corps a priority? 

Please send your responses to any of these questions to: Dr. David 
B. Rockland. TMM Conservation Council. 1705 DeSales St.. N.W. 
Suite 801 . Washington. D.C. 20036. Thank you. 
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Sleek sink 

The Vitraform sink features two lay- 
ers of laminated gloss that ore shat- 
ter-resistant and more durable than 
porcelain. The $650 sink comes in 
seven standard colors with either o 
clear or frosted finish, or may be cus- 
tom-designed. Cherry Creek 
Enterprises, 3500 Blake St., Denver 
CO 80205. 



Colorful 



Lumino Optical Filter Prisms are 
smooth, faceted chunks of optical- 
grade acrylic manufactured in pure 
hues. The scratch- and fode-resistant 
blocks meosure 1 by 1 .5 by 2 inch- 
es. A six-piece Explorer Kit, a colorful 
addition to the executive desktop, 
costs less than $50. Luminafi Ltd., 6 
Mount Vernon St., Suite 229, 
Winchester AAA 01 890. 



Power-stingy PC 

The Z-Lite 320L Model 60W features o power-conserving microprocessor, enabling 
it to run from three to six hours on its nickel metal-hydride battery. The 3.9-pound 
unit has a backlit 8.5-inch VGA display, 

two PCMCIA card slots, and a two-button 
pointing device. Price: $2,200. Zenith 
Data Systems, 21 50 E. Lake Cook 
Rd., Buffalo Grove IL 60089. 



Feel the 




For those who feel there's 
never enough bass coming 
from their car stereos, 
here's the AZ-50 car- 
seat vibrator system 
from Tokyo4wsed Yupiteru 
Industries. Connected to o cor audio system, o special drive amplifier powers vi- 
brating actuators that wedge between the bockrest and the seat. You literally feel 
the bass through the seat of your pants. It sells in Japan for obout $380. 





Sea suit 

The SisstemAir Survival Suit 
features an insulated, layered 
skin with air pockets; when the 
pockets are inflated using ei- 
ther the integrated C0 2 gas 
canisters or built-in mouthpiece, 
the suit acts as a personal life 
raft. Price: $2,000. Mariner 
Resource Corp., 86 Orchard 
Beach Blvd., Port Washington 
NY 11050. 
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Double trouble 

A LHock ond motion sensor on the Cycle Alert 
olorm cause double trouble for prospective thieves: 
If the motorcycle is moved for more than four sec- 
onds or if the cable is cut, a 1 07-decibel alarm 
sounds. Six versions are available for sports gear 
ranging from skis to snowboards. The Cycle Alert is 
approximately $70. Sports Alert, 233 Wilshire 
Blvd., Suite 325, Santa Monica CA 90401 . 




Bubble wash 



Sharp claims its ES-BE65 automatic bubble-action washing machine uses 30 
percent less water than conventional machines. Its cleaning process, a 
combination of rising air bubbles and horizontally swiding water, includes an 
optical sensor that determines the amount of dirt on clothing and then adjusts the 
amount of oir bubbles accordingly. The machine is available only in Japan. 



Paper tabie 



Although ifs made of recycled paperboord, the 1 2-pound Qwork Bench supports 
up to 200 pounds of evenly distributed weight; the secret is the triangular shape 
of its components. The table stands 36 inches tall, though the legs can be 
trimmed along the printed stripes to lower the height. Price: $30. NEWance Inc., 
1765-H Cortland Ct., Addison IL 60101. 




Design in 3D 




PC users who have designed rooms wilh Autodesk's Home Series project-design soft- 
ware can now odd three-dimensional quality to their plans. Simply load the former 
plans into the company's 3D Plan for a three<limensional view — complete with 
room specs, color, and shading. Click on on icon and the view of the room changes 
from, say, looking through a window to looking through a door. Price: $50. 



Sleek two-seater 



Gull-wing doors distinguish Mazda's AZ-1 twrjseot minicoupe from other Jopanese 
minicors. The AZ-1 has a midship, three-cylinder 660cc engine with a five-speed 
manual transmission and an all-plastic body. It's sold only in Japan. 



POPULAR SCIENCE MARCH 1 993 • 13 



1:01 





Illuminating work 

Tucked into the spine of this business portfolio is a telescoping flexible lamp that lights 
the letter-size writing pod. Priced ot about $50, the Periscope Lighted Portfolio uses 
four AAA batteries and has compartments and o zippered pocket for documents, busi- 
ness cards, and pens. Pacemark, 1 00 W. 32 St., New York NY 1 0001 . 



Three-way 



Using gas-absorption technology, 
Igloo's Survivor cooler runs on alter- 
nating current, a car's cigarette 
lighter, or propane gas. The 36-quart 
cooler is equipped with a thermostat 
and an ice-tray shelf. Propane safety 
features include a gas pilot igniter 
and shut-off valve. Price: $230. 
Igloo Products Corp., Box 19322, 
Houston TX 77224. 




Split-handled rake 



With its two handles and tilted shaft, the curiously shaped AcceleRake al- 
lows for easier, more efficient raking. The roke is used with a side-to- 
side sweeping motion, or the base con be rotated 90 degrees to 
rake material toward you. Price: less than $20. Garden Weasel 
Division, Faultless Starch/Bon Ami Co., 1 025 W. 8th St., 
sas City M0 64101. 



^ 



mm 




Computers on TV 

Laptop TV is o computer-to-video converter: It takes the video signals from your 
personal computer and changes them into professionakjuality TV signals for busi- 
ness presentations or recording on your VCR. Its anfrflicker technology eliminates o 
jittery picture, a problem common to converted signals. The 2.5-pound converter 
costs $1,1 95. Willow Peripherals, 1 90 Willow Ave., Bronx NY 1 0454. 
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Luxury wagon 



Mitsubishi's Diamonte luxury station wagon features a three-liter, 1 75-hp V6 engine 
with a four-speed automatic transmission. The high-roofed cabin offers more head- 
room for front- and rear-seat passengers, as well as 37 cubic feet of cargo space 
with the rear seat up. A driver-side air bag is standard, and ontilock brakes are an 
option. Price: $22,400. 



Copyrightsd msteris 



Chevrolet Motor Division presents 
the definitive die-cast replica 
of America's sports car. 




^^^^ 



The hood opens to reveal the 
powerful 350 cubic inch engine. 



orvette. The name is synonymous with performance, 

style and. ..well. ..sex appeal. It's the definitive American 
sports car. The ultimate sweet dream machine. 

And now, the legend's heading your way. In the form of 
a superb 1:24 scale die-cast model of the 1986 Corvette. 

Capturing the spirit and detail of the original, this 
remarkable precision-engineered replica is loaded with an 
array of operating features. Fully functional steering. Doors 
that open and close. And the hood opens to reveal the fully 
detailed tuned port injection V-8 engine. 

From Franklin Mint Precision Models for just $90. 

SATISFACTION GUARANTEED 

If you wish to return any Franklin Mint Precision Models purchase, 
you may do so within 30 days of your receipt of that purchase for 
replacement, credit or refund. 



Shown approximately actual size of 
7X" (18.42 cm) in length. Scale: 1:24. 




The dash is highly detailed and 
shows full digital instrumentation. 



ORDER FORM 

Franklin Mint Precision Models Please mail by 

Franklin Center, PA 19091-0001 March 31, 1993. 

Yes! Please send me the precision-engineered 1:24 scale die-cast re-creation 
of the 1986 Corvette. My imported model will arrive ready to display and 
with it informative reference material and a Certificate of Authenticity. 

I need SEND NO money now. I will be billed for a deposit of $18* and, 
after shipment, for the balance in 4 equal monthly installments of $18* 

'Plus my state sites tax and a one-time charge ot S3. 

lor shipping and handling. 

SIGNATURE 



All ORDERS ABE SUBJECT 10 ACCEPTANCE 



MR/MRS/MISS - 
ADDRESS 



PIEASE PRINT CIEARIV 



_ APT. i _ 



CITY/STATE 



.ZIP. 



-)- 



TELEPHONE # ( 

C i99z fmpm 14282-6VGV-57 
Ofllclil General Melon Ucenied Product. CHEVROLET, the CHEVROLET Emblem. CORVETTE. VETTE and the 
CORVETTE Emblem are registered trademarks ol General Motors Corporation 




Light update 



Intelectron's Motion Detector Mounting Plote converts your existing outdoor lighting 
fixture into o motion detector. Able to detect sources of heat up to 30 feet awoy, 
the unit can be adjusted to turn off the light after one, three, or five minutes. The 
$30 model BC90 is available in polished or antique brass, black, or white. 
Intelectron, 21021 Corsair Blvd., Hayward CA 94545. 



Cost 
calculator 

The Telectric measures the energy 
consumption of any electrical appli- 
ance and calculates its cost of opera- 
tion. Rates from your electric utility 
can be input using the function keys. 
When Telectric is connected to appli- 
ances that run intermittently, the de- 
vice odds up consumption over time. 
Response Co. Ltd., PRI House, 
Moorside Rd., Winchester, 
Hampshire, S023 7RX, England. 




New look in Europe 

Barely two years after its 1 990 launch, the European Ford Escort has been 
reengineered for 1 993 with a striking nose and tailgate, larger rear- 
light assemblies, integral safety cage, and side-impoct-protection 
door beams. Seven gas-engine options and o diesel version 
are available; o continuously variable transmis- 
sion is another option on the 1 .6- and 
Zeta 1 6-valve injection 
units. 




Lock your stock 

Thumb Lock safety fastene5 ottoch to the side of a computer or other high-tech gear 
to prevent jarring and restrain equipment that weighs between 50 and 200 pounds. 
The fasteners come in packages of two and cost between $1 0 and $1 6. 
Fastening Solutions, 15236 Burbank Blvd., Suite 101, Van Nuys CA 9141 1. 
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Tiny, 
powerful pump 




The 8.5-inch barrel on the Zefol HP Mini Double Shot air pump extends, tele- 
scope-style, to more than 20 inches. This doubles its air capacity and allows for 
faster tire inflation — up to 1 00 psi in less than one minute. Price: $20. Creative 
Impact, 930 W. 1 6th St., Suite El , Costa Mesa CA 92627. 
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If common sense 
were really 
that common, 
there'd be a lot 
more cars 
like this. 




I 



In the 
new Intrepid, 
you'll find 
airbags are 
standard for 
both the 
driver and front passenger. Trac- 
tion control is available along with 
anti-lock brakes. And our available 
integrated child seat is built into the 
backseat . . .a feature you won't find 
in any other car on the market. 

In fact, throughout Intrepid 
you'll find what Motor Trend 
calls "touches ol 
genius." To us 
they're simply 
things that make 
good sense. And 
now that we've seen 
what's possible in a four- 
door sedan, we can't see building 
one any other way. 



• Standard driver e*> front passenger 
airbags 

• Available anti-bck brakes e3 
traction control 

• Available integrated child seat 

• Standard rear seat beat c> air ducts 

• Available automatic temperature 
control s^tem 

• Standard four-wheel independent 
siuipension 

• Available 5.5 liter, 214 horsepower, 
24 '-valve overhead cam V-6 

• Choice of warranties: 7/70 powertrain 
or 5156 bumper-to-bumper. See these 
limited warranties e3 restrictions at 
dealer. Excludes normal maintenance, 
adjustments c5 wear items. 

• For still more information, 
calll-W0-4-A-DODGE ^ 



". . . roomy, comfortable 
and safe." 

-Automobile Magazine 





Select 
Features 



"Dodge has never been 
stronger or 
more innovative." 

-Motor Trent) 




Intrepid WM The New Dodge 



A DIVISION OK THK CHRYSLER CORPORATION 
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"High points: too many to list, 
with concept, roominess, dynamics 
and execution at the tip-top." 

-Car and Driver 




"The real magic is in 
the details." 

-Automobile Magazine 



Buckle up lor safety. 



The details, please 

Using Black & Decker's Variable Speed Powerfile, with its long, narrow sanding 
belt, is easier than sanding corners, crevices, and other detail work by hand. The 
'/rinch-wide belt can be applied to wood, metal, plastics, and ceramics. Model 
7463 is equipped with a variable-speed 2.8-ampere 
motor and a dust-collection system. 
Price: about $80. 





Rubber rails 



This shock-absorbing track system cushions steel rails on rubber pods, enabling 
trains to ran faster while reducing noise and maintenance work for the opera- 
tors-and without jarring passengers. The designers estimate that the rails, now 
undergoing testing in Sweden, would cost only 6 percent more than traditional 
systems. Cito Trading Co., Igelkottsvagen 1 2A, 4536 50 Hovas, Sweden. 



Tabletop 

SUPPORT 

Made from aircraft alloys, the Quadpod 
offers stable tabletop support for o 
camcorder when you're previewing 
or editing videos. The device 
locks the camcorder into place 
and adjusts with one knob. Price: 
$75. Envision Products, 1430 
Willamette, Suite 551, Eugene 
OR 97401. 



V8 DERIVATIVE 



The latest in General Motors' overheatkom engines will debut in 1 994 in the 
Oldsmobile Aurora personal luxury sedan. A derivative of the 4.6-liter Northstar 
V8, the Aurora four-liter V8 develops 250 hp at 5,600 ram versus 295 hp at 
6,000 rpm for the Northstar. 



Instead of carrying numerous battery 
packs, contractors and carpenters 
can recharge cordless tools using a 
car or truck battery. DeWalfs auto- 
motive charger model DW9105 
recharges 9.6-, 12-, and 13.2-volt 
battery packs in 90 minutes. The 
$119 device will not overheat the 
battery pack during charging. 
DeWalt Industrial Tool Co., 626 
Hanover Pike, Box 1 58, Hamp- 
steadMD 21074. 
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a The Genuine Leather a 
^ U.S. Army Field Jacket ^ 

Millions of fighting men swear by it. Now, you can own it in genuine leather! 



_ Ask any man who ever owned one. . .he'll tell 
you it's the best jacket he ever had. For millions 
of G.I.'s, the official issue U.S. Army Field Jacket 
was the most prized piece of gear from Army 
days. Earning its stripes from World War II 
to Desert Storm, it always came home with 
the troops. Now, The Genuine Leather U.S. 
Army Field Jacket combines the rugged 
good looks and comfort of the jacket i 
that veterans treasure with the richness 
of supple genuine leather! Available 
exclusively from Willabee & Ward. 

Authentic Details. 
Practical Hip-Length Cut. 

All the great features that made the 
original so popular are here. For 
starters, there's the famous fit and cut. 
It's comfortable and it covers you to the 
hip. The regulation shoulder epaulets, 
roomy snap-close pockets, zipper and 
snap-front closures, adjustable cuffs, and 
drawstrings at the waist and hip. What's 
more, we've updated the classic design by 
adding convenient side-entry pockets, 
two zippered inside breast pockets, and a 
comfortable satin-blend lining. The result 
is a great-looking jacket that's perfect with jeans, 
yet the luxurious genuine leather makes it dressy enough 
for a night on the town. 

Also available in Black Leather. 
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• Regulation epaulets 

• Roomy snap -close pockets 

• Zipper and snap closures 

• Waist and hip drawstrings 

• Adjustable cuffs 



Just $195. Convenient Monthly Installments. 

The Genuine Leather U.S. Army Field Jacket is available in 
brown and black and is priced at just $ 195 (plus $9. 50 
shipping/handling), payable in six monthly credit card 
installments of only $34.08. Comes with a 30-day money- 
back guarantee. Available in sizes S, M, L, and XL. Have 
questions about sizing? Call us — we'll fit you over the 
phone. Phone orders normally shipped next business day. 



CALL TOLL-FREE: 1-800-367-4534 



EXT. 685-129 



Willabee & Ward 
47 Richards Avenue 
Norwalk, CT 06857 



O 1993 MBI 

Satisfaction 
Guaranteed 



CALL TOLL-FREE: 1-800-367-4534 Ext. 685-129 

Please send me Genuine Leather U.S. Army Field Jacket (s). 

Si zes(s) (Circle): Small Medium Large Extra Large 
(38-40) (42-44) (46-48) (50-52) 

Color(s) (Circle): Brown Black 

For each jacket, charge 6 installments of $34.08* to my credit 
card □ VISA □ MasterCard □ Discover □ Am. Ex. 



Credit Card # 
Name 



Exp. Date 



IP1.EASE PAINT Cl-EAHLV) 



Address 



City/State/Zip . 
Signature 



(All orders subject to acceptance.) 

□ I prefer not to use a credit card and will pay by check. 
Enclosed is my check for $ 195 plus $9. 50 shipping/ 
handling, a total of $204. 50* for each jacket. 

* Any applicable sales tax will be billed with shipment. 
Higher shipping/handling outside U.S. 
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Every Moen faucet is designed with both 
form and function in mind. 

Our new ONETOUCH™ kitchen faucet, 
shown here, is a prime example. 

Its beauty stands out. 

Its handy spout pulls out— letting you 
reach anywhere in the sink. A touch of a button 



changes the water flow from stream to spray So 
all your kitchen chores are easier. 

And, of course, it comes with our exclusive 
washerless cartridge, backed by a lifetime limited 
warranty against leaks and drips. 

The Moen ONETOUCH. 

It's one faucet with many facets. 



See your Moen dealer or call us at 7-800-553-6636 
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Classic 

LOOKS 



Ferrari shuns the flashy looks of its re- 
cent models for the new 456 GT, 
which backtracks two decades to re- 
vive the classic lines of yesteryear. No 
longer mickngined, the coupe has an 
upfront 5.4-liter VI 2 that develops 
442 hp. The car sprints to 62 mph in 
just 5.2 seconds and has a top speed 
of more than 1 85 mph. The price? 
Plan on about $250,000. 





Flexible tee 



This golf tee doesn't break; it bends as ifs struck to pro- 
vide longer contact with the ball for more control and 
distance. A set of five reusable plastic Power-T tees costs 
about $1 0. Port-America, Box 3437, 
Wellington NJ 07057. 



HEMISPHERICAL HULl 



Heavy-duty buoy 

This buoy's sturdy, egg-shaped hull not only withstands battering waves and foul 
weather, but increases maximum buoyancy about 40 percent to 1 7,000 pounds, 
say its designers at the Woods Hole Oceanogrophic Institution in Massachusetts. 
The nine-foot-wide buoy will soon be deployed off Bermuda to help researchers 
study mooring materials and ways to recover data from underwater equipment. 
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Space-age 

CASE 

Modular shelves in the Spacecab 
medicine cabinet reconfigure to 
accommodate bottles and containers 
of various sizes. Mode from molded 
plastic, the cabinet weighs half as 
much as steel. Price: $50 to $250, 
depending on size and framing. Zaca 
Inc., 31111 Via Colincs, Westiake 
Village CA 91 362. 



DUSTUSS DRILLING 

Hitachi's Vinch hammer drill features an unusual dust-collecting device, making it 
especially useful for overhead work. A telescoping dust-collection tube retracts 
ogainst the pressure of the workpiece as the bit drills; when it stops, the tube re- 
turns to the length of the bit. The model 0H22VD variable-speed drill has both 
hammer and rotary modes. Price: $51 1. 
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"No visible speakers, no stack of compo- 
nents, nothing that looks like sound 
equipment.... Hit the start button and 
suddenly the room fills with music of 
exemplary clarity and fullness" 
- Hans Fan tel. The New York Times 




The Bose Lifestyle* music system: music center with CD player and AM/FM tuner (above), 
speakers (top left, also available in white), and hideaway Acousrimass bass module (not shown). 



When you get a new stereo, 
why not get one that's really new. 



Today, most "new" stereo 

equipment looks and sounds about 
the same as it did 20 years ago. 

So, is there really anything new? 

The experts say there is - the Bose® 
Lifestyle® music system. New in its 
technology. New in its elegance. New 
in its convenience. All with the un- 
matched sound quality that has made 
Bose the most respected name in audio. 

Fill your room with music, 
not equipment 

The elegant, brushed aluminum 
music center replaces the bulky, com- 
plicated equipment of the past. No 
larger than a folded Sunday newspa- 
per, it houses the compact disc player 
and AM/FM tuner. 

The Virtually Invisible® speakers 
are the size of small bookends rather 
than end tables. And the remote 



control works around corners and 
through walls (including wood, brick, 
and stone) so command of the system 
is always right at your fingertips. 
From any room in your home. 

Turn your living room 
into a concert hall 

Exclusive Bose Direct/Reflecting® 
speaker technology uses the side walls 
of your room to reflect sound in 
much the same way as the best con- 
cert halls. Your entire room comes 
alive with music. 

Hear it at home - with no risk 

The best place to test a quality 
stereo system is in your own home. 

You're invited to hear the award- 
winning Lifestyle® music system with 
a leisurely 14 day tryout. If you enjoy 



music more, keep it. If not, return it 
for a full refund. Period. 

Order by March 31 

Why? Because you can get afford- 
able mgntjiK/jja^iira 
with no down payment and no inter- 
est for a full year 

1-800-282-BOSE 
Ext. 961B 

i n 

I want to hear it! 

Call me to arrange my 14 day tryout, 
or to give me more information. 

Name 



Phone ( 


) 




Address 


City 


State 




Zip 



Send to: 

Bose Corporation, Dept CDD 

The Mountain, Framingham, MA 01701 

Or call 1-800-282-BOSE, Ext. 961B 



Better sound through research,, 



Electronics Newsf ront 



Edited by JOHN FREE 



British TV goggles 

You could be walking 
around wearing your 
own personal television 
goggles within a year — 
for about $500. British 
inventor William John- 
son's Goggle Vox puts a 
pair of 2.5-inch (diago- 
nal) liquid-crystal dis- 
plays (LCDs) in a black- 
out housing just inches 
before your eyes. At lOx, 
the tiny twin images 
produce a wide-screen 
effect that, when joined 
with stereo headphones, 
gives you the feeling 
that you're carrying your 
own personal viewing 
room wherever you go. 

"What Walkman did with sound, 
Goggle Vox does with pictures," says 
Johnson, whose invention credits in- 
clude Adidas's computerized Micro- 
pacer sneaker several years ago. 

Goggle Vox accepts signals from 
VCRs, video discs, broadcast TV, and 
even computers for intriguing virtual- 
reality applications. The key technolo- 
gy is a transparent plastic coating 
over the miniature LCD screens that 
allows them to be magnified without 
sacrificing viewability. 

Five years ago, Johnson, with a 
team of physicists, began searching 
for a better way to display video pic- 
tures. Other researchers had concen- 
trated on increasing picture resolution 
by reducing the size and increasing 
the number of picture elements (pix- 
els) displayed on-screen. But this all- 
electronics approach was expensive. 

Focusing instead on the display sur- 
face, Johnson's team found its answer 
in a Du Pont-developed plastic 
monomer. Laminated sheets of the 
monomer, dubbed Microsharp, create a 
layer of microlenses. Pasted over the 
surface of the screen, the microlenses 
smooth the boundaries of 100-micron 
pixels and greatly boost the viewing 
quality of tiny TV screens. Others have 
patented a similar technique ["Wall- 
Size TV From Tiny LCDs," June '91]. 

At lOx, a 2.5-inch-diagonal LCD is a 
meaningless jumble of black-edged 
pixel boxes. Softened by Microsharp, 
however, the pixels blend together to 
create a picture not quite as good as a 
regular TV set, but vastly better than 




Video goggles invented in Britain have plastic sheets with microscopic lenses covering 
two LCD panels. The lenses minimize the coarseness of an image (above right) 



the straight magnified image or the 
tiny, unmagnified picture. 

Johnson hopes to license the 
technology to major electron- 
ics firms. "This is an appli- 
cation that can be done 
very easily and immediate- 
ly," he says. — Mark Henricks 

...and Visortrons from Japan 

Sony, which pioneered the stereo Walk- 
man, is once again readying a new form 
of personal entertainment — this time 
with video instead of audio. Sony's new 
Visortron, worn like a set of oversize ski 
goggles, puts a liquid-crystal-display 
(LCD) panel in front of each eye. The 
LCDs are tiny but so close to the eyes 
that the viewer has the impression of 
watching a 33-inch TV from four feet 
away. "It's like watching a movie from 
the best seat in the theater," says Daiji 
Takahashi, the Sony manager who led 
the six-year-old project. 

The Visortron can be connected to 
Sony portable 8mm video players and 
camcorders with a single proprietary 
plug, or to other video equipment with 
a three-pin adapter. Takahashi says 
advances in LCD fabrication tech- 
niques allow Sony to put 103,000 pix- 
els on each 0.7-inch LCD panel. "We 
believe it is the highest resolution in 
the industry," he says. And with two 
screens, the Visortron can reproduce 
stereoscopic 3-D images. The company 
is investigating virtual-reality appli- 
cations for Visortron as well. 

But despite the eye-popping clarity 



and image size, it's hard 
to forget you're wearing 
something that weighs 
about nine ounces. It's al- 
so a little disorienting to 
realize that you're unable 
to turn your eyes away 
from the screen. 
In fact, worries about 
^eyestrain from extended 
guse led Sony to have two 

1 medical institutions test 
§the device. "It was devel- 
§ oped for consumer use but 
g the medical issues need to 
| be considered," Takahashi 

2 says. The company is par- 
ticularly concerned about 
^children using the Visor- 
tron to play video games 

for hours. 
Though 




Sony's Visortron video goggles give the viewer 
the impression of watching a large-screen TV 
from four feet away. 

the labs concluded there wasn't any evi- 
dence of harmful effects on the eyes, 
Sony is playing it safe, introducing the 
Visortron in controlled settings. Japan 
Airlines will use it for in-flight enter- 
tainment this year. 

But there's yet another barrier to a 
consumer version: The two high-reso- 
lution LCD panels make the Visortron 
rather expensive. — Dennis Normile 

Interactive-TV redux 

There have been quite a few attempts 
recently to transform the home televi- 
sion into an interactive medium — none 
of which has really caught on. Now a 
new effort that promises superior per- 
formance hopes to turn interactive TV 
into a home-entertainment staple. 

The 3DO Interactive Multiplayer, 
developed by Dave Morse, Dave Nee- 
dle, and R.J. Mical — the team that 
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created the Amiga computer and the 
Atari Lynx video game — could be on 
the market by December. Applications 
include high-speed action and adven- 
ture games, educational software, and 
interactive movies; one such film will 
be based on Steven Spielberg's techno- 
thriller Jurassic Park. In fact, extra 
footage of the movie is being shot for 
the 3DO format. 

Peter Black, president of Xiphias, a 
software publisher in Los Angeles, be- 
lieves the new machine "could be a di- 
rect competitor" to hot game systems 
such as Nintendo and Sega, and could 
rival VCRs if the machine delivers 
what it promises — especially the abili- 
ty to play back full-motion video. 

According to Trip Hawkins, founder 
of the 3DO company, the machine will 
play back pictures with double the 
resolution of a VHS video tape and 
display 16 million colors with 50 times 
greater animation than current com- 
pact-disc interactive machines. The 
hardware will feature a built-in CD- 
ROM drive with twice the pickup 
speed of a standard CD-ROM — which 
translates to less delay-time in a 
game — as well as a custom sound pro- 
cessor, a Macintosh-based multitask- 
ing operating system, and a 32-bit 
RISC processor CPU. The digital play- 
er will accommodate interactive pic- 
tures, audio CDs, and photo CDs. Ex- 
pansion options will include a video-in 
port for home videotape editing. 

3DO, the California-based licensing 
company for the player, is a partner- 
ship between four media conglomer- 
ates: Time Warner; Matsushita Electric 
Industrial Co.; Electronic Arts, a com- 
puter-game software giant; and Klein- 
er Perkins, a venture capital firm. The 
first machine will be available under 
the Panasonic name for about $700. 
— Marcelle M. Soviero 

Digital volume control 

Highway noise often forces you to 
crank up the volume on your vehicle's 
audio system — but when you slow 
down, the sound from your radio or hi- 
fi system can be overwhelming. 

Engineers at International Jensen 
Inc. (IJI) in Lincolnshire, 111., have 
tackled this problem with an "audio- 
expert" system that tracks car noise 
and automatically adjusts the stereo's 
volume to compensate for it. Known as 
Dynamic Sound Optimization, the 
new system eliminates the need to 
readjust audio volume constantly. 

While automatic volume control 
isn't new, IJI plows new ground with 
digital signal processing (DSP). This 
enables the system to discriminate be- 



tween cabin noise and music by mea- 
suring inputs from both the stereo 
and a microphone in the vehicle's cab- 
in. These signals are converted from 
analog into digital form and fed to a 
DSP chip. By monitoring the digitized 
signals for frequencies as well as vol- 
ume, the DSP chip "knows" when it's 
listening to music. 

The ability to discriminate between 
music and noise is a critical element, 
say engineers, because it prevents the 
system from overcompensating. In the 
past, such systems typically lumped 




noise and music together in a single 
measurement, then adjusted the 
stereo accordingly. The result: an au- 
dio system that battled against its 
own sound. The new system compen- 
sates only for objectionable noise. 

That's a twofold improvement, say 
IJI engineers: First, the system pro- 
vides effective yet unobtrusive volume 
control. Second, the audio signal is 
"shaped" slightly to compensate for 
the frequencies — as well as the vol- 
ume — of cabin noise. The system 
blends the output so it sounds like the 
noise isn't there. "We're really just fit- 
ting the noise and music together," 
notes Ken Kantor, vice president of 
technology for IJI. 

A key development is the "expert" 
software stored in the DSP chip. By 
monitoring the reactions of test listen- 
ers to environmental noise, engineers 
created a software model of human 
hearing and listening behavior. Thomas 
Miller, IJI senior research engineer, ex- 



plains that "We're simply imitating the 
way people adjust their volume." 

In a lab demonstration, the device 
lived up to its unobtrusive or "trans- 
parent" billing. Engineers played clas- 
sical music along with taped car nois- 
es. Without the volume-control 
system, portions of the music were 
drowned out; with the system activat- 
ed, all the audio could be heard. 

IJI engineers foresee potential for 
the technology in home stereos, public 
music systems, telephones, and even 
in talking dashboard gadgets. Eventu- 



ally the device will be integrated into 
automotive audio systems. Aftermar- 
ket versions may be available for less 
than $250. — Chuck Murray 

Computer-memory spin 

A new memory device based on spin- 
ning hydrogen atoms could eliminate 
the data bottleneck that plagues par- 
allel processor computers. 

Rather than storing information in 
microcircuits etched onto silicon 
chips, MRAM — short for magnetic 
random-access memory — stores data 
in a frozen chunk of a secret, inexpen- 
sive chemical using nuclear magnetic 
resonance. Powerful MRI scanners 
that can "see" brain, muscle, and oth- 
er soft tissue rely on the exact same 
technology ["Sharpest Look Yet Inside 
the Body," June '881. 

The idea behind nuclear magnetic 
resonance is relatively simple. Subject 
water or a hydrogen-rich substance to 
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RECEIVER COIL 
FIELD GRADIENT COIL 

MAGNETIC FIELD COIL 



Wire coils create a graduated magnetic field through a frozen solvent. Radio frequencies flip hydrogen 
atoms up and down in different solvent layers, writing or reading ones and zeros for digital memory. 



an intense magnetic field and the hy- 
drogen atoms line up, twirling like 
tops, with their axes of rotation point- 
ed either up or down. Hit them with 
the right frequency radio wave and 
they flip upside down. "Up and down 
hydrogen atoms make perfect ana- 
logues for binary zeros and ones," says 
Gary Spletter, vice president of Sud- 
bury, Mass. -based MRAM, Inc. 

Memory devices based on this princi- 
ple could be made from inexpensive 
parts — a common organic solvent that 
sells for $20 per gallon, a walkie-talkie, 
and a car radio — and could theoretical- 
ly allow tens or hundreds of processors 
simultaneous access to every bit of 
memory. 

MRAM, which exists only in proto- 
type, would work like this: A few cu- 
bic centimeters of the common organ- 
ic compound, chilled solid, sits inside 
a magnetic coil where the field 
strength gradually increases from one 
end to the other. This magnetic gra- 
dation chops the memory into planes, 
or bits, with the hydrogen atoms in 
each plane spinning at a characteris- 
tic frequency. 

To write to this memory, a processor 
tunes its radio transmitter to a particu- 
lar frequency, then sends a signal that 
flips the hydrogen atoms located at this 
"address." Reading merely requires 
tuning the receiver to the required fre- 
quency and recording the phase of the 
signal, which distinguishes "up" hydro- 
gen atoms from "down" ones. 

Since the connection between the 
processor and memory is wireless, 
adding processors is a snap, says 
Spletter. It also allows multiple pro- 
cessors to read the same bit simulta- 
neously. "Data collisions," which occur 
when two processors try to write to 
the same address at the same time, 
can be eliminated by using an internal 



clock that orders processors to write 
all zeros, then write all ones, then 
read all memory addresses. 

Hydrogen-based memory systems 
have a number of advantages over to- 
day's memory chips: They're made for 
parallel processors, they don't need 
wired connections, and their produc- 
tion doesn't require expensive photo- 
lithography. Right now, though, data 
can only be written to MRAM at a 
sluggish 1,000 times a second, much 
too slow for usable memory. "We need 
to get the write speed up to the read 
speed — about 42 megahertz," says 
Spletter, a problem he believes can be 
solved. If so, commercial versions of 
MRAM could be available in three to 
five years. — P. J. Skerrett 

Slice 'n' dice Windows video 

At the software premiere of Video for 
Windows in San Francisco, a digital 
video clip showed a surfer riding the 
waves to a pounding beat inside a 
window on a PC screen. Then, Andy 
Grove, president of Intel Corp., sent 



H VldEdlt- BEACH Ml [Frame 47) 




Software features within Microsoft's Video for 
Windows automatically scale image size and 
frame rate to the speed of playback hardware. 
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Microsoft chairman Bill Gates some 
"face mail" recorded with a video cam- 
era and embedded in a word-process- 
ing document. Later, in a scene from 
the movie It's a Wonderful Life, actor 
Jimmy Stewart — framed by scroll 
bars — begged for a second chance at 
life: "Please, God, let me live again!" 

The files for full-motion digital 
video are just so massive that person- 
al computers have a hard time in- 
gesting them. That's why software 
engineers devise compression and 
scaling schemes — so that short video 
clips can be stored on a hard disk or 
CD-ROM and played back on a desk- 
top PC. Apple Computer's QuickTime 
software has brought digital video to 
the Macintosh for more than a year. 
And last fall, Microsoft Corp. intro- 
duced its $199 video software, deliv- 
ering TV-like pictures for Windows 
applications. 

Video for Windows employs Indeo, 
Intel's video-compression/decompres- 
sion software that automatically 
scales the picture size and speed de- 
pending on the hardware being used 
for playback. A typical 386-based PC 
will display a video clip in a 160-by- 
120 picture-element window (inhabit- 
ing only about one-ninth of your 
screen), moving at a jerky 15 fps 
(frames per second). A 486-based ma- 
chine, however, raises these blink- 
and-squint numbers to a quarter- 
screen-size picture and 24 fps, which 
is movie-theater speed. 

Add an i750-based accelerator card 
and the same file can be viewed on a 
full screen at 30 fps (the same as tele- 
vision). Because video quality is auto- 
matically adjusted depending on the 
performance and computer configura- 
tion, the result is scalable video. You 
can also pick up the corner of a stopped 
video using your mouse and resize it; 
the resolution and frame rate adjust 
accordingly. 

The Video for Windows package 
contains video playback and capture 
tools that you install under Windows 
3.1 and a CD-ROM disc with some 
250 video clips — each lasting only a 
few seconds but consuming one to two 
megabytes of disc space apiece. The 
collection's hodgepodge of activities 
ranges from lathe-working to bungee- 
jumping. 

You'll need a video-capture board if 
you're planning to digitize your own 
moving images from a camera or 
videotape. Anticipated applications in- 
clude video electronic mail, multime- 
dia sales presentations, interactive 
training, technical documentation, 
multimedia encyclopedias, and inter- 
active games. — Michael Antonoff OS 
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TECHNOLOGY UPDATE 



New device turns any 
electrical outlet into 
a phone jack 

An engineering breakthrough gives you 
unlimited phone extensions without dangerous 
wires or expensive installation fees. . . 



by Charles Anton 

You don't have to have a teenager to 
appreciate having extra phone jacks. 
Almost everyone wishes they had 
more phone jacks around their house. 

When I decided to put 
an office in my home, 
I called the phone com- 
pany to find out how 
much it would cost to 
add extra phone jacks to 
my house- $158! 

No more excuses. To- 
day, there are a thousand 
reasons to get an extra 
phone jack and a thou- 
sand excuses not to get 
one. Now an engineering 
breakthrough allows you 
to add a jack anywhere 
you have an electrical 
outlet. Without the 
hassle. Without the ex- 
pense. Without the miles 
of unsightly wires. 

What your mother 
never told you. Ma Bell 
never told you that you 
could use your home's 
existing wiring to trans- 
mit phone signals. Now you can add exten- 
sions with a remarkable new device called the 
Phonejak. It allows you to convert your phone 
signal into an FM signal and then broadcast it 
over your home's electrical wiring. 

As simple as plugging in an appliance. Just 
plug the wireless Phonejak Transmitter into a 
phone jack and an electrical outlet. Then you 
can insert a Phonejak Receiver into any electri- 
cal outlet anywhere in your house. You'll be 



able to move your phone 
to rooms or areas that have 
never had jacks before. 

Phonejak gives you the 
freedom 




Is the Phonejak right for you? 

The Phonejak is designed for use 
with any single-line phone device. 
Could you use one in your situation? 

■ Few Jacks. You want more 
telephone extensions without the 
hassle and expense of calling the 
phone company. 

■ Bad location. You have jacks, 
but not where you need them. 

■ Renting. You want to add exten- 
sions, but you don't want to pay 
each time you move. 

Other phone devices. 

You have an answer- 
ing machine, modem 
or fax you want to 
move to a 




more con- 
venient 
place. 



of cordless 
telephone technology, 
without the cordless 
phone. Unlike cordless 
phones which transmit 
radio waves through 
the air, the Phonejak 
uses your home's elec- 
trical wiring to transmit 
signals, giving you 
sound quality which 
far exceeds that of cord- 
less phones. 

Clear reception any- 
where in your home. 

Your range extends as 
far as you have electrical 
outlets. Five feet. Or five 
hundred feet. If you 
have an outlet, you can 
turn it into a phone jack- 
no matter how far 
away it is. You'll get 
crystal clear reception 
throughout even the 
largest of homes. (The 
signal is terminated at your electrical meter so 
you can use your Phonejak in any electrical 
outlet in or around your home- even if they are 
on a different circuit.) 

Unlimited extensions with no monthly 
charge. Most phone lines can only handle up 
to five extensions with regular phone jacks in- 
stalled from the phone company. Not so with 
Phonejak. All you need is one wireless Trans- 



HOW DOES IT WORK? 



he wireless Phonejak utilizes advanced FM 
technology to make your home's electrical 
wiring "live" to phone 
signals, so you can plug 
in a jack anywhere you 
have an electrical outlet. 
One of the key compo- 
nents is the Phonejak 



The Phonejak System. 

Includes a transmitter 
( right) and a receiver ( left). 



Transmitter, which links an existing phone jack to 
a nearby outlet. The Transmitter converts your 
phone line into an FM signal. The signal is trans- 
mitted through your home's wiring upstairs or 
down, regardless of distance. This one Transmit- 
ter can provide phone signals to an unlimited 
number of Phonejak Receivers which simply plug 
into any electrical outlet. 

With the Receivers in place you're ready to add 
phones anywhere around your home -for a lot less 
money and hassle than calling the phone company! 



mitter and you can add as 
many Receivers as you want. 
Six, ten, there's no limit. And with 
Phonejak, you'll never have a monthly charge 
for your extra Receivers. 

Works with any single-line phone device. 

This breakthrough technology will work for all 
of your single-line phone needs. It will operate 
your fax line, your answering machine and 
even your computer modem just by plugging 
them into your Phonejak Receivers. 

This offer not available in stores. The wire- 
less Phonejak System would carry a retail price 
of $1 19 if it were avail- 
able in stores. But 
through a special pro- 
motional campaign 
we are introducing 
this amazing technol- 
ogy direct to the pub- 
lic at substantially 
reduced prices! 

For a limited time you 
can purchase the 
Phonejak Transmitter 
for only $49 which 
makes all your outlets 
"live" to the Phonejak Receivers. One Transmit- 
ter will work with an unlimited number of 
Phonejak Receivers priced at only $39 each. 

'No questions asked guarantee.' With the 
Phonejak you get a complete "No Questions 
Asked" 30-day money-back guarantee. If it's not 
everything we say, just return it for a full re- 
fund. The Phonejak is also backed-up by a full 
one year manufacturer's warranty. Allow 5 to 
10 days for delivery after receipt of your order. 

Wireless Phonejak Transmitter $49 *s s&h 

Wireless Phonejak Receiver $39 usm 

Please mention promotional code PS1112. 

For fastest service, call toll-free 24 hours day 

800-992-2966 
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Airport off the future 

While aircraft have evolved from prim- 
itive biplanes to sleek jets, runways 
have changed little since the Wright 
brothers took flight. Now, finally, a li- 
censed pilot named Jim L. Starry, who 
heads Environmental Protection De- 
signs in Boulder, Colo., has reinvented 
the runway. His airport design, called 
Starport, could reduce energy use, air 
pollution, and noise. 

Starry's simple design takes advan- 
tage of gravity: From the top of a 20- 
story terminal, planes roll down a slop- 
ing runway to gather speed for takeoff. 
On landing, they slow down by rolling 
uphill to the terminal, like an 18- 
wheeler barreling up a ramp for run- 
away trucks. "No one has done any- 
thing to make the runway control the 
aircraft," Starry complains. In Star- 
port, the runways are slightly concave, 
to help planes stay centered, and are 
wide where the planes touch down, but 
narrow as they approach the rooftop 
gates. Passengers reach the gates by 
taking elevators from parking areas, 
shops, and restaurants in the termi- 
nal's lower levels. 

Because the Starport runways would 
not be steep enough to bring planes to 
a complete stop, Starry has designed 
800-pound brake-accelerator wheels 
that would not only slow planes on 
landing, but would also generate elec- 
tricity as the wheels spin. The stored 
electricity could be used for taxiing. 
"From the moment you touch down, 
you could turn off the turbine," says 
Starry. 

A 747 landing on a flat runway cur- 
rently burns about 48 gallons of fuel 
when the pilot reverses the engines' 
thrust. Starry claims his redesigned 
wheels and runways could reduce the 
amount of fuel required for landings 
by about 25 percent — saving as much 
as 300 million gal- 
lons annually at an 
airport the size of 
Denver's new facility, 
which will open in 
late 1994 with 84 
gates. The reduced 
fuel consumption 
would also improve 
air quality. (The 
diesel fuel burned 
while a jet's engines 
are idling is about 14 
times more polluting 




In this fuel-saving airport design, called Starport, planes land on inclined runways and coast to gates at 
the top of 20-story terminals. Planes get extra power for takeoff by rolling down the sloped runways. 



than gasoline.) Noise pollution would 
decrease too, because on takeoff planes 
could coast 10,000 feet before switch- 
ing to full thrust. 

A Starport would require less land 
than conventional designs like Den- 
ver's new 53-square-mile airport, and 
Starry claims a Starport could be built 
using "off-the-shelf" highway over- 
passes. But although airport planners 
are reviewing his concept, none has 
yet been willing to build and test a 
Starport prototype. 

Black hole? 



Earth has an escape velocity of 25,000 
mph. That means an object such as a 
rocket must attain at least that speed 
to escape the clutches of Earth's gravi- 
ty and head out into space. The more 
massive a planet, the greater the force 
of its gravitational attraction and the 
higher its escape ve- 
locity. So the escape 
velocity of giant 
Q Jupiter, which has a 
I gravitational force 
1 350 times that of 
§ Earth, is about 
| 133,000 mph. 
I Now imagine that 
| somewhere in the uni- 
| verse exist objects so 
5 massive that their es- 
A disc of dust and gas is being sucked into cape velocities exceed 
what may be a black hole. 186,000 miles per sec- 



ond — the speed of light in a vacuum. 
But nothing can travel faster than 
light. Therefore, from such objects, 
there is no escape, not even for light. 
And with no telltale light emissions, 
such objects would be undetectable by 
direct observation. 

On the basis of both theory and indi- 
rect observations, astrophysicists have 
long speculated that such objects, 
called black holes, do in fact exist. 
They are the remnants of collapsed 
stars so condensed that their gravita- 
tional pull is immense. 

Now NASA's Hubble Space Tele- 
scope has garnered the best evidence 
yet for the presence of a black hole. It 
is the finest image ever of a disc of dust 
and cool gas — about 300 light-years 
across — that is being sucked into the 
nucleus of a galaxy in the Virgo Clus- 
ter, 45 million light-years from Earth. 
The nucleus, astronomers think, is the 
den of a black hole ten million times 
more massive than our sun. 

This is the first case," says Dr. Hol- 
land Ford, a Hubble scientist at Johns 
Hopkins University in Baltimore, 
"where we can follow the disc's gas in 
an orderly way down to the immediate 
environment of the black hole." 

A co-investigator, Dr. Walter Jaffe 
of Leiden Observatory in The Neth- 
erlands, says: "We haven't seen a black 
hole itself. But it's as close to a black 
hole as we've ever seen before." 
— Arthur Fisher 
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BURIED SUNSHINE HEATS 
SPORTS CENTERS 



BY P. J. SKERRETT 



Can summer sunlight be stored for winter heating? The University 
of Massachusetts at Amherst intends to find out by building the 
first U.S. central solar heating plant with seasonal storage, or 
CSHPSS (pronounced chips). According to its proponents, sea- 
sonal storage makes it possible to use solar energy for heating during 
the short, cold days of winter in temperate and subarctic climates. 

In its reverse form, the seasonal storage concept has been around 
since colonial days, when settlers routinely chopped blocks of ice from 
frozen lakes and packed them away in sawdust to cool food during the 
summer. Heating projects, on the other hand, only began to take shape 
after 1979. Since then, more than 30 pilot CSHPSS plants have sprung 
up in Sweden, Denmark, and other northern European countries. 

The Massachusetts system, when it is completed in 1995 or so, will 
provide 90 percent or more of the space heating and hot water for a 
new 10,000-seat sports arena and an existing gymnasium. The two 
buildings require about as much heat as 150 homes, says senior re- 
search associate Dwayne Breger of the university's mechanical engi- 
neering department, one of the projecf s planners. 

The system will work like this: Two arrays of south-facing, flat-plate so- 
lar collectors — with a total surface area of about 8,000 square feet — ab- 
sorb sunlight and heat a mixture of alcohol and water. This antifreeze flu- 
id is pumped to a heat exchanger, where it gives up its heat to water. 
The water then flows through hundreds of plastic pipes sunk into water- 
logged, nonporous clay, releasing heat along the way. During the sum- 
mer, the 1 00-foot-deep clay deposit is expected to get as hot as 1 60°F. A 



buffer tank that holds 250,000 gallons will store surplus hot water, which 
can be drawn off at night when the solar collectors shut down. 

In the winter, water running through the embedded pipes will absorb 
stored heat and convey it to the arena and gym. Heat exchangers there 
will extract energy to provide hot water, and heat both buildings and a 
swimming pool. Once the $3.5 million system is in place, the only addi- 
tional cost will be about $2,000 each year for electricity to run the 
pumps. Photovoltaics could eventually be used to supply this electricity. 

"Basically, seasonal solar storage is the equivalent of a small power 
plant that doesn't bum anything," says Breger. It will probably work best 
for large office buildings, shopping centers, and heating systems linking 
500 to 2,000 homes, because larger storage reservoirs lose proportion- 
ally less heat and tend to be more cost-effective. 

Without seasonal storage, solar collectors don't match heating 
needs — the months with the best sunlight for generating heat are gen- 
erally the warmest. 

An ambitious CSHPSS project under way in the Swedish town of 
Lyckebo could ultimately serve a community of 2,000 homes and busi- 
nesses. Water stored in a 100,000-cubic-meter cavern excavated out 
of bedrock absorbs heat from solar collectors perched on the rooftops 
of nearby homes, as well as waste heat from local industries. Inexpen- 
sive summertime electricity provides additional water heating. Eventu- 
ally, the system will rely almost completely on solar and waste heat, ac- 
cording to Charles Bankston, a Washington, D.C., energy consultant 
who has worked on international CSHPSS programs for a decade, hs 




Heated by solar collectors, antifreeze is pumped to a mechanical station, where the heat is transferred to water flowing through tubes embedded in day (see 
detail). In winter, water pumped through the buried tubes absorbs heat and carries it to two sports centers to meet space-heating and hot-water needs. 
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About the size of o Mercury capsule, Ughtcmft is 
powered by laser beams (red) relayed down from 
satellites orbiting Earth. Mirrors bounce the lasers 
to a pulse-jet engine (blue). 

Mach 25 transporter 

Sometime early in 2010, a passenger 
might take off from Albany, ride a one- 
person craft into space, and touch 
down 45 minutes later in Australia 
— all without burning an ounce of fos- 
sil fuel. Lightcraft, a concept vehicle 
designed by engineers at Rensselaer 
Polytechnic Institute (RPI) in Troy, 
N.Y., will be powered by lasers or mi- 
crowaves beamed to it from satellites 
orbiting Earth. 

Leik Myrabo, head of the RPI design 
team working on Lightcraft, says the 
vehicle will fill a niche: "Lightcraft will 
be a cheap, reliable way to send indi- 
viduals around the globe or into orbit. 
Many of the components of the system 
were first developed for the Strategic 
Defense Initiative, and we are testing 
models of the craft and its engine right 
now." 

Myrabo envisions a Lightcraft 
perched on its slender tripod landing 
gear, waiting for a satellite-based solar 
power station to come into position. 
When it does, it will relay laser or mi- 
crowave beams to the upper surface of 
the craft. In the laser-driven version, 
mirrors on the Lightcraft will focus the 
beams under the vehicle, heating the 
air within a small area to 30,000°K. At 
this temperature, molecules of gases in 
the air explode, creating a series of 
blast waves that propels the craft up 
through the atmosphere. 

When the craft reaches Mach 11 
(8,000 mph) and 90,000 feet, it will 
switch to magnetohydrodynamic 
propulsion ["Superconductivity Goes 
to Sea," Nov. '92]. In the upper atmo- 
sphere, the air is too rarefied to deto- 
nate, but there will still be enough 
propulsive force to create a shock wave 
as the craft zooms upward. Two rings 
of superconducting magnets and a 
laser-to-electric-power converter will 



accelerate the glowing air plasma be- 
hind the shock wave, blowing it back- 
ward to boost the craft to its orbital ve- 
locity of Mach 25. The converter uses a 
small amount of liquid hydrogen — the 
only fuel Lightcraft carries. 

The RPI team has already tested the 
liftoff pulse-jet laser-powered engine 
at the Naval Research Laboratory in 
Washington, D.C. The result: perfor- 
mance equal to the jet engines of 1942. 
"We need to bring our thrust-to-power 
ratios much higher," admits Myrabo, 
"but for the very first test of a new de- 
sign, we think this shows great 
promise." An unmanned demonstrator 
could be tested within five years. 
— Jonathan D. Beard 

Preserving biodiversity 

One of the most pressing global prob- 
lems is the ongoing loss of plant and 
animal species resulting from human 
activities such as deforestation. Now 
there is a new program to help counter 
this threat. The International Coopera- 
tive Biodiversity Groups Program will 
encourage the preservation of disap- 
pearing ecosystems and the production 
of new drugs — including anticancer 
drugs — from natural products. 

The biodiversity program is cospon- 
sored by the National Science Founda- 
tion, the U.S. Agency for International 
Development, and the National Insti- 
tutes of Health. They will jointly award 
grants to international organizations, 
who will collect and inventory plants 
and other organisms from endangered 
ecosystems such as rain forests, coral 
reefs, and deserts. The awards will also 
help developing nations to conserve 
their own biodiversity. 

Recent examples of "miracle drugs" 
derived from plants are taxol from the 
Pacific yew tree of the 
northwestern United 
States, and vincristine 
and vinblastine from 
the rosy periwinkle of 
the Madagascan rain 
forests. — Arthur Fisher 



Sneaker spill 

A pair of oceanogra- 
phers in Seattle have 
turned a minor mar- 
itime mishap into a 
major effort to study 
ocean surface currents. 

The accident oc- 
curred in May 1990, 
when a freighter en j 
route from Korea to S 
Seattle encountered a | 
severe storm and a 



dumped part of its cargo overboard, in- 
cluding 80,000 Nike sneakers. Eight 
months later, beachcombers in the Pa- 
cific Northwest began finding the wa- 
terlogged — but still wearable — float- 
ing footwear. 

Oceanographer Curtis C. Ebbes- 
meyer, who is currently researching 
a book on floating objects in the 
North Pacific, read about the spill in 
1991. "I've been studying drift bot- 
tles," he says. "The biggest study I 
knew of consisted of 150,000 bottles 
released in various locations over a 
ten-year period. So I knew that 
80,000 objects released at once could 
be very interesting." 

Ebbesmeyer and W. James Ingra- 
ham Jr., an oceanographer at the Na- 
tional Oceanographic and Atmospher- 
ic Administration in Seattle, tracked 
down more than 1,600 sneaker sight- 
ings. They have used the information 
to test computer models of ocean cur- 
rents. When Ingraham simulated the 
spill using a model that accounts for 
wind-generated surface currents and 
the effect of Earth's rotation, it pre- 
dicted that the shoes would arrive 
first at Vancouver Island. The com- 
puter model missed by just 50 miles. 

Ebbesmeyer and Ingraham are con- 
tinuing to track the great Nike sneak- 
er spill of 1990. Footwear that did not 
wash ashore may have entered a 
huge circular current called the Great 
North Pacific Gyre. "Some of the 
shoes are going to make this loop 
around the Pacific," says Ebbesmeyer. 
"I have a few reports from Hawaii, 
and they'll probably be showing up in 
the Philippines soon." He also expects 
that by the fall of 1994, some of the 
sneakers will pass near the spot 
where they first plunged into the wa- 
ter. — Todd Campbell 
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Affordable caviar 

Scientists at Israel's Technion Institute 
have invented a substitute for sturgeon 
caviar, a luxury of the rich that costs 
$30 to $40 an ounce in the United 
States. Alexei's Caviar-Like, as the new 
product is called, can be purchased in 
Israeli supermarkets for less than 
$2.50 an ounce. 

A team led by Alexander Gelman, a 
biochemist specializing in fish, makes 
Alexei's from a patent-pending combi- 
nation of fish fats, vegetable fats, salt, 
water, and natural preservatives and 
stabilizers. A cylindrical machine that 
looks like a mortar launcher forms the 
ingredients into caviarlike "eggs" that 
are the same size and grayish color as 
authentic beluga sturgeon roe. 

Alexei's is produced strictly according 
to Jewish dietary laws. Because most 
real caviar comes from non-kosher 
sources like sturgeon and lumpfish, 
Alexei's has opened the caviar market 
to kosher consumers. 

Health-conscious consumers may also 
be interested in Alexei's: It has less 
cholesterol and fat than real caviar, 
and just one-fourth the calories. And 



unlike real caviar, which becomes run- 
ny and loses its color and taste at high 
temperatures, Alexei's can be cooked or 
microwaved without deterioration. 
This means that not only can it be 
served in the traditional manner with 
chilled vodka or iced champagne, but 
also in omelets, as a pizza topping, or 
even in processed cream cheeses. "We 
are opening an entirely new market for 
caviar products," proclaims Gelman. 

Along with biochemist Uri Cogan 
and food production equipment engi- 
neer Ze'ev Mager, Gelman formed 
Delitech Ltd. in 1988 to produce Alex- 
ei's. The caviar substitute is now 
available in Israel. In the United 
States, Delitech is represented by 
Gourmetics Ltd. of Englewood, N.J. 
— Wordservice International 

Speedy sensor 

For researchers devising the Lil- 
liputian electronics of the future, glass 
has two desirable properties: Like hot 
candy, heated glass can be twisted and 
pulled into all sorts of shapes. More- 
over, it transmits light — the fastest 
possible way to send a signal. 



At the University of Michigan in 
Ann Arbor, chemist Raoul Kopelman is 
taking advantage of both properties to 
build sensors that measure pH, or 
acidity, with "business ends" as small 
as 20 nanometers — 20 billionths of a 
meter. That's more than a million 
times smaller than previous pH sen- 
sors made from optical fibers. 

For the first time, "you can put a 
sensor inside a cell and measure [pH 
changes] while the cell is still alive," 
says Kopelman. This could have im- 
portant medical applications. In fact, 
Kopelman's team has already verified 
that a chemical suspected of causing 
birth defects in pregnant women caus- 
es drastic changes in rat embryos. 
Moreover, with a response time of one- 
fiftieth of a second, the sensor may be 
speedy enough to catch brain neurons 
in the act of firing. 

To make the sensor, Kopelman first 
stretched glass fibers into extremely 
thin cylinders, using a laser technique 
developed at AT&T. Then he applied 
an opaque aluminum coating to every- 
thing but the tip. And finally, he at- 
tached to the tip a fluorescent polymer 
that glows with different colors de- 



Remember How Your Father Always Worked Weekends? 
Remember What A Crab He Was? . - 




pending on the acidity it encounters. 
When the tip is inserted into a sample, 
the light travels to the far end of the 
glass, where it is translated into a pH 
reading. — Robert Langreth 

Bargain fighter 

Sweden's Saab JAS 39 Gripen fighter, 
now undergoing final flight tests be- 
fore the first planes are delivered to 
Swedish air force training units, is at- 
tracting attention from possible ex- 
port buyers. Even Germany consid- 
ered buying the Gripen as a substi- 
tute for the European Fighter 
Aircraft (EFA) project, which it had 
started in 1985 with Britain, Italy, 
and Spain. Germany wanted a cheap- 
er fighter, but finally compromised on 
a stripped-down New EFA (NEFA). 
Even so, the cost of each NEFA will be 
well over $50 million. 

The Gripen fighter is much less ex- 
pensive, costing less than $30 million. 
Its most remarkable feature is its 
size: It is the smallest, lightest fighter 
to go into production since the early 
1960s. Fully loaded, it weighs eight 
tons — about half as much as the EFA 




Sweden's Saab JAS 39 Gripen, under development for a decade, is nearly ready for service. The Gripen 
is much smaller and less expensive than other modern fighters. 



and little more than a quarter as 
much as the U.S. Air Force's Lock- 
heed F-22 Advanced Tactical Fighter 
["Fast, Agile, Stealthy Supercruis- 
ers," April '91 1. 

The fighter is small because Swe- 
dish planners realized, when the pro- 
ject started in 1982, they could not 
afford a big fighter and that more ac- 
curate, more reliable bombs and mis- 
siles would allow a fighter to be just as 



effective with a smaller weapons load. 

The Swedish airplane uses less fuel 
than bigger fighters, and it was de- 
signed for easy upkeep, because in 
Sweden, conscripts do most of the 
maintenance. Because of this, its 
makers claim that the Gripen will 
cost about $3,000 per hour to fly, no 
more than a medium-size business 
jet. Most fighters cost that much in 
fuel alone. — Bill Sweetman QS 
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While most furnace and air 
conditioner filters filter out larger dust 
particles, the new Filtrete™ Clean Air Filter 
from 3M goes the extra mile. 

Its unique, electrostatically- 
charged Filtrete fibers work like tiny mag- 
nets that attract and trap allergy-causing 
particles that would blow right through 
an ordinary filter. Particles like smoke and 
animal dander. 

In fact, the Filtrete Clean Air Filter 
removes 97% of the dust, pollen, and 
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molds circulating in your home 
right now. And it will provide three 
months of clean air performance 
under normal conditions. 

Considering everything that goes 
into the air you breathe, you should con- 
sider the filter that takes more things out 

Look for the Filtrete Clean Air 
Filter from 3M wherever you purchase 
your furnace or air conditioner filters. 

For a retailer near you call 
1-800-388-FILTER (3458). 
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Flights off terra ffirma 

When Jonathan Zimmerman in- 
flates a balloon, it isn't for a flight 
of fancy. The San Francisco archi- 
tect uses balloons of fiberglass-re- 
inforced nylon or other fabrics to 
form his sturdy, energy-efficient 
structures. 

After the balloon is inflated, 
the inside surface is sprayed with 
rigid polyurethane foam insula- 
tion (see photos). Steel reinforc- 
ing bars are then tied into place 
against the insulation, and con- 
crete is sprayed to cover the steel. 
Door and window openings are 
created by leaving out the steel 
reinforcements and concrete and 
cutting away the insula- 
tion. Later, the balloon can 
be coated with the desired 
color or texture, and earth 
can be bermed against the 
structure. 

Zimmerman says that 
the design should yield a 
skin with an insulative 
value of R-32, though it 
hasn't been formally test- 
ed. He also claims that his 
air-forming can cost half 
the price of a conventional 
building shell: "Balloon-shell costs are 
between $25 and $35 per square foot 
of base area, and that is for a contain- 
er that can hold more than one floor." 

Like geodesic domes, the lack of cor- 
ners makes air-formed homes more 
earthquake- and wind-resistant than 
conventional structures are, says Zim- 
merman. And the insulation is built 
into the structure, so it does not need 
to be added. Air-forming also permits 
compound shapes to provide greater 
design flexibility than geodesies, 
which are made of triangles or other 
shapes that generally create part of a 
sphere. 

Chief among the obstacles to accep- 
tance of the air-formed structure, 
says Zimmerman, "is that it doesn't 
look like anything else. It doesn't 
have the normal cultural antecedents 
we look for when we buy a house, the 
symbol of our success. So we're per- 
fectly happy to buy the [conventional- 
ly designed and built] energy lemon, 
because it makes the statement that 
we have been expecting to make: 'I 
have arrived.' The question is, where 
is that?" 
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Inflated to a complex double 
curve, a baboon forms the shape 
of a house built in the Rockies. 
Steel reinforcing bars (left) are 
fastened to insulation sprayed in- 
side the balloon. Concrete then 
covers the bars. 



Pure protection 

Nontoxic compounds first developed to 
protect eggs against bacteria could 
soon work as pool and household dis- 
infectants too. The inexpensive com- 
pounds, developed by researchers at 
Auburn University in Alabama, kill 
bacteria and algae. 

"We've developed a series of new N- 
halamine disinfectants," says S. D. 
Worley, professor of chemistry at 
Auburn. "Most [currently available 
compounds] kick the chlorine off the 
nitrogen and into the water. The chlo- 
rine kills the bacteria but it's also cor- 
rosive and disappears when it reacts 
with impurities or through evapora- 
tion loss." Worley's compounds contain 
one or two nitrogen atoms in five 
member rings, with the chlorine tight- 
ly bonded to nitrogen atoms. Because 
of this superbond, the compounds 
themselves kill the bacteria, rather 
than the chlorine breaking away. And 
since the chlorine stays bonded, there 
is less corrosion, fewer reactions with 
impurities — and less of that other- 
wise-familiar chlorine smell. 




Monthly electric heating bis for this 3,400- 
square-foot house have not exceeded $30. 

Though the compounds are still 
being tested, Worley says they 
will work well for pools and 
households. "One compound in 
« particular could be used in the 
| home," says Worley, "sprayed onto 
8 a surface from an aqueous solu- 
1 tion. The protective film would 
D disinfect and prevent surface con- 
tamination of such places as the 
kitchen floor or bath for a long time." 

In pools, the compound would de- 
compose more slowly in sunlight than 
conventional chemicals. The com- 
pounds withstand higher tempera- 
tures as well, making Worley's dis- 
infectants suitable for use in hot tubs. 
— Patricia Barnes-Svarney 

Stain-eating enzyme 

Stubborn laundry stains may soon 
meet their match in an enzyme made 
by bacteria from marine shipworms. 
The enzyme, which may aid digestion 
for the shipworms, breaks down pro- 
teins in stains such as blood, grass, 
and milk. 

Discovered by John Waterbury at 
Woods Hole Oceanographic Institute 
in Massachusetts, the unnamed bac- 
teria lives in a gland of the ship- 
worm, a saltwater mollusk that can 
grow out of its bivalve shell to 
lengths as long as six feet. Both the 
enzyme and applications for it were 
developed by Harold L. Griffin, 
Richard V. Greene, and Michael A. 
Cotta, researchers at the U.S. De- 
partment of Agriculture. 

These Agricultural Research Ser- 
vice scientists developed a fermenta- 
tion "broth" to keep the bacteria alive 
and producing the enzyme. The en- 
zymes work in the harsh conditions of 
warm and cold wash water that is 
made alkaline by the new nonphos- 
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phate laundry detergents. Such hardi- 
ness could make the enzyme a candi- 
date for other processes that require 
proteins to be degraded in harsh envi- 
ronments, such as recovering silver 
from photographic film, cleaning con- 
tact lenses, or removing hair from 
hides to be made into leather. 

Mixing up a steady heat 

Variety may spice up your life, but 
you'd be better off keeping it out of 
your heating system: It's the steady, 
even temperatures that bring comfort. 
Just a two- or three-degree-Fahren- 
heit swing to either side of the ther- 
mostat's set point may make you feel 
uncomfortably cool or warm. Newer, 
more sensitive electronic thermostats 
help moderate these temperature 
swings, but they don't prevent the ba- 



sic "on-again, off-again" approach that 
lies at the heart of this problem. 

In hot-water systems, however, a 
few progressive heating contractors 
are beginning to use special mixing 
valves to produce more consistent 
heat. Long used in Europe, the valves 
are relatively new in the United 
States. By tempering hot boiler water 
(typically 160°F to 200°F) with cooler 
water from the system's return pipe 
before sending it to the radiators, the 
mixing valve lets a hot-water system 
work in a fundamentally different way 
(see illustration): Instead of intermit- 
tently sending very hot water through 
the radiators, the system constantly 
adjusts the supply water temperature 
and circulates it continuously. Thus on 
mild days, the water flowing through 
the radiators may only be 100°F, while 
in sub-zero weather it might be 180°F. 



WEIRD NEW SAW BLADES: 
CAN THEY CUT IT? 




From the left, the uniquely shaped teeth of 
Marathon, TK, Tracker, Piranha, and Lightning 
blades art better and longer than other blades. 

Several of these strangely contoured new 
saw blades are now available — but are they 
better? To find out, I tried 7- to 7 Vinch gen- 
eral-purpose blades, which fit almost all 
portable saws. My test subjects: the Black 
& Decker Piranha, Freud TK, Vermont 
American Lightning, Irwin Marathon, and 
Oldham US Saw Tracker blades. 

Creators of these blades say their de- 
signs have further enhanced cutting ease 
and blade life, while decreasing the tenden- 
cy toward kickback. To do this, they take a 
variety of approaches. 

For example, the TK, Marathon, and 
Tracker blades have risers in the gullets to 
limit chip size, preventing kickback. While 
most saw blades have a 5- to 20-degree 
tooth hook angle, the Piranha has a more 
aggressive, curved "fishhook" grind on the 
tooth face that creates a hook angle of 
about 30 degrees. Lightning and Tracker 
blades have hook angles of about 36 de- 
grees. The strategic placement of blade 
cooling and expansion slots also improves 
durability. 

The saws also employ smaller carbide- 
grain sizes, which increases hardness and 
abrasion resistance, though brittleness is a 



potential side effect. Vermont American, for 
example, combats this in its patented Dyan- 
ite process by injecting a small amount of 
boron into the carbide, says corporate met- 
allurgist Zane Lockhart. "Boron significantly 
improves the saw teeth's resistance to frac- 
ture without decreasing hardness or in- 
creasing brittleness." 

Ripping, cross-cutting, and mitering, I tried 
the blades extensively on a variety of mate- 
rials: studs, plywood, particleboard, and 
treated deck lumber. These "thin" or "micro- 
thin" kerf blades are by nature faster be- 
cause they don't have to remove as much 
wood; averaging under 3 'az-inch kerfs, they 
make a cut that's 25 to 35 percent narrower 
than conventional carbide blades. 

All of the blades generally made smooth- 
surfaced cuts, but they still fuzzed up the 
top surface of plywood at the kerf (a com- 
mon problem with anything but the special 
fine-toothed plywood blades). The Light- 
ning, Tracker, and Piranha blades cut parti- 
cleboard, studs, and plywood faster, while 
the TK, Piranha, and Lightning seemed 
fastest in treated wood. 

All of the blades that I tried out cost 

somewhere between 

$8 and $15. That's 
really not much more 
than a good steel 
saw blade, and car- 5 
bide stays sharp up 
to 50 times longer. 
—Phil McCafferty 




At lOOXmagnrfication, 
the Lightning blade 
shows far less wear af- 
ter 5,000 feet of cut- 
ting than a conventional 
carbide blade. 





In this heating system, an electronic "black box" 
controls a mix of boiler water and return water 
to make temperatures more even. 

This approach can keep a house's tem- 
perature within one degree of the set 
point, which significantly increases 
occupant comfort. 

This approach also offers modest 
energy savings (usually less than 10 
percent), a reduction in corrosive flue- 
gas condensation, and the ability to 
tie a radiant floor zone (which, even at 
peak loads, requires relatively cool 
water temperatures in the low 100s) 
to a fin-tube radiator distribution sys- 
tem (which requires peak water tem- 
peratures of up to 200°F). 

These benefits will run you about 
$800 to $1,000 for parts, plus labor 
— about a day's work for an experi- 
enced contractor. Suppliers include: 
TekMar Control Systems, Ltd., 4611 
23rd St., Vemon, B.C., Canada V1T 
4K7; Honeywell Centra, Customer As- 
sistance Center, Box MN 27-2164, 
Honeywell Plaza, Box 524, Minneapo- 
lis, Minn. 55440. — David Dobbs 

Lead-less fixtures: update 

By now, the damaging effects of even 
minute quantities of lead on humans 
are well-known. Exposure to the met- 
al has been linked to brain and nerve 
damage in children and high blood 
pressure, severe anemia, and kidney 
damage in children and adults. Re- 
cently AT&T Bell Labs of Murray Hill, 
N.J., was awarded a patent that could 
help reduce lead exposure in the 
home: a brass alloy for plumbing fix- 
tures that requires no lead. 

To improve machinability, brass 
alloys contain 3 to 7 percent lead. 
The new alloy, however, replaces 
lead with bismuth and small 
amounts of other additives ["Home 
Newsfront," Sept. '91]. To confirm its 
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iparky 

By Marty Roper 

A numbered limited-edition 
collector plate trimmed with 23kt gold 

Clang! Clang! Clang!... the bell sounds. 
This time, Sparky's determined — they'll 
just have to let him come along on the 
fire truck! So he dons his special hat and 
red bandana and grabs a fire hose, ready 
to race to the fire. But the firemen are no- 
where to be found. Then Sparky realizes 
...it's not a fire alarm... it's the twelve 
o'clock whistle. Time for lunch! 

Now, award-winning animal portrait 
artist Marty Roper captures Sparky's 
unique character and spirit on a limited- 
edition porcelain collector plate. Roper's 
paintings reflect a genuine love for his 
canine companions. 
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Sparky* is a registered trademark of the 
National Fire Protection Association. Quincy, MA. 



A Limited Edition 
Sparky is appearing on a collector plate for 
the first time and is available exclusively from 
the Danbury Mint. Each numbered plate will 
be trimmed with a band of 23kt gold and ac- 
companied by a personalized Certificate of 
Authenticity. The edition will be limited to 
75 firing days, and the price is just $26.95. 

No Obligation— No Risk 
You can acquire Sparky with our Guarantee 
of Satisfaction . You may return your plate 
within 30 days for replacement or refund. 

The wonderful colors and lifelike detail 
found in Marty Roper's work make Sparky a 
collector's dream. To avoid delay, mail your 
order today! 



The Danbury Mint Please Reply Promptly 

47 Richards Avenue 
P.O. Box 4900 Limit: two plates 

Norwalk, CT 06857 per collector. 

Please accept my reservation for "Sparky. " I wish to 

reserve (1 or 2) plate(s) at $26.95 each (plus 

S2.95 shipping and handling - total $29.90*). 
Check □ My check or money order is enclosed. 
One: □ Charge my credit card upon shipment: 

□ VISA □ Discover 

□ MasterCard □ Am. Ex. 



Credit Card No. 
Signature 



Exp. Date 



Name _ 
Address . 
City 



Pleas* Pnnl Clearly 



! State . 



.Zip . 



Name to Print on Certificated) of Authenticity ( if different from above) 

'Any applicable sales tax will be billed with shipment. 
FDP Allow 4 to 8 weeks for shipment. 06 
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machinability, Kearny Smelting and 
Refining of Kearny, N.J., has pre- 
pared some small samples of the 
lead-less alloy. "In addition," ex- 
plains Michel Rothschild, president 
of the company, "we recycled the alloy 
several times, with no difficulties." 

Heat, cool — and hot water 

There's a certain inescapable logic to 
triple-integrated heat pumps: If you 
can use one device to heat and cool 
your house, why not add efficient wa- 
ter heating as well? The new Power- 
miser heat pump does just that — and 
for less money than other units, 
claims the manufacturer. 

In summer, a heat pump works like 
an air conditioner, using refrigerant to 
convey indoor heat outdoors; a revers- 



ing valve switches refrigerant flow for 
winter heating mode, to bring heat de- 
rived from outdoor air indoors. 

Developed by Nordyne of St. Louis 
and the Electric Power Research In- 
stitute in Palo Alto, Calif., Power- 
miser has many of the features of the 
more-advanced Carrier HydroTech 
2000 ["Do-It-All Heat Pumps," Nov. 
'89; "Best of What's New," Dec. '89]. 
Like the HydroTech, for example, 
Powermiser can heat hot water in any 
mode. Other integrated systems heat 
water via a desuperheater, which 
draws excess heat from refrigerant 
during cooling mode. 

In cooling mode, Powermiser uses 
excess heat from the refrigerant to 
heat water for "free." During winter, 
the unit extracts heat from outdoors 
for water- and space-heating. When 



the heat pump isn't heating or cooling, 
it warms water by gathering heat 
from outdoors or from indoor humidi- 
ty. A patented control system adjusts 
the refrigerant charge to meet various 
conditions, so there is no overcharging 
during times of lower demand. 

Wayne Reedy, Nordyne's president, 
says Powermiser costs about $1,000 
more than units with no built-in water 
heating; HydroTech costs some $4,000 
more, says Carrier. Using a mechani- 
cal control system rather than a mi- 
croprocessor is one way Powermiser 
costs are reduced, says Reedy. Another 
way is that, unlike the variable-speed 
HydroTech, Powermiser is single 
speed. 

Powermiser has an efficiency rating 
of 10 SEER, or Seasonal Energy Effi- 
ciency Ratio (HydroTech is more ener- 
gy-efficient). Although there is no ac- 
cepted way to credit energy savings 
from water heating, Reedy says that 
to get equivalent savings a conven- 
tional heat pump would need a SEER 
of about 18. A 12 SEER Powermiser 
will be sold this spring. 

Beads off insulation 

It's inert, made from sand, and when 
heated expands to foam beads that are 
25 times their original size. It's Cy- 
lafoam, an experimental insulation. 

"It looks like Styrofoam, but is total- 
ly inorganic," says Raymond T. Ertle, 
president of Cylatec Corp. of Pompton 
Plains, N.J., which makes the foam. 
"We start with a silica sand that is 
converted to silicate with heat and al- 
kali," he says (see illustration). Silica 
and sodium carbonate are dissolved in 
a digester to produce the silicate, or 
water glass. The liquid is then con- 
verted to dense sandy particles in a 
process that Ertle is seeking to patent. 

Unlike foams that require ozone- 
chewing chlorofluorocarbons to ex- 
pand, Cylafoam uses heat. The parti- 
cles are baked on-site in a patented 
"carousel" furnace. The furnace, which 
is small and could be mounted on a 
truck, turns them for even heating un- 
til they expand 25 times. Expanding 
the material on-site saves trucking 
costs, says Ertle. He adds that the fur- 
nace has also simplified the process of 
expanding silicate, which used to re- 
quire "long periods of hydration and 
drying." 

Tests by the Oak Ridge National 
Laboratory in Tennessee showed that 
the insulation's resistance to heat flow 
is about R-4 per inch, depending on 
density, says Ertle. He adds that Cy- 
lafoam reacts with gypsum to form a 
ceramic, making it withstand tempera- 
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tures of 1,200°F to 1,500°F before melt- 
ing. Mixed with gypsum, it would thus 
make fire-resistant wallboard. Other 
potential applications include its use as 
a low-density concrete aggregate. 

Notes from home 

•Although recycling is of vital impor- 
tance, says Keep America Beautiful, 
it's not enough to solve garbage prob- 
lems. A free booklet from the organiza- 
tion, "Recycling Realities: Facts, Myths 
and Choices," explains recycling's place 
in managing garbage and covers other 
options to handle waste safely. Ad- 
dress: 9 W. Broad St., Stamford, Conn. 
06902. 

• Pilot production of titanium dioxide 
photovoltaic cells, transparent solar 
cells that could someday be used in 
windows, will soon begin at the Swiss 
Federal Institute of Technology in 
Lusanne ["Best of What's New," Dec. 
'92; "Home Newsfront," March '92]. 
Asea Brown Boveri of Baden, Swit- 
zerland, is developing commercial 
fabrication methods, while Sandoz 
Chemicals of Basel is working on the 
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Turn off the lights when you leave a 
room. Reset the air-conditioner thermo- 
stat to 78. By now, these energy-saving 
maxims seem old hat. What may be sur- 
prising, however, is how much power 
such measures have actually saved. 

Faced with rising demand — and the 
even greater difficulty and expense of 
building new plants — electric utilities be- 
gan "demand-side management" pro- 
grams two decades ago. In 1977. there 
were 1 34 such efforts aimed at educating 
consumers to save energy; today there 
are more than 1,500, says the Edison 
Electric Institute, a trade association. The 
resulting energy savings have deferred 
the need for 20 million kilowatts — the 
equivalent, says Edison Electric, of 42 
average-size power plants that didn't 
have to be built. 



synthesizing and testing of new dyes. 
•To introduce frost-protected shallow 
foundations, the National Association 
of Home Builders Research Center is 
currently building three demonstra- 
tion projects. The foundation method 
saves energy in cold climates and is 
less costly to install ["Home News- 
front," Aug. '92; "Best of What's New," 
Dec. '92]. One house with the shallow 
foundation has been built in Williston, 
Vt.; two others will be installed in 
houses that are being constructed in 



Fargo, N.D., and in Spirit Lake, Iowa. 

• Seeds for those tennis-ball-size 
heads of mini iceberg lettuces ["What's 
New," March '91] will be available to 
the home gardener this spring, says 
the Agricultural Research Service. 

• A biodegradable plastic that's made 
from sugars by the British chemical 
giant ICI is being sold commercially 
in the United States for the first 
time. The plastic, Biopal, forms the 
bottles for Evanesce shampoos and 
conditioners. DEI 



For hard-working men, 
boots that earn their keep. 




Our famous Texas Steer 6" Nubuck Leather Boots have all top-grain leather 
uppers. Lightweight oil-resistant outersole. Tough Goodyear® welt 

stitched construction. Extra-soft padding for added comfort. Only $39 99. 
Available only at Kmart. The quality you need, the price you want. 
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And since we 
know how much kids 
enjoy playing musical 
chairs, we designed 
our QUEST TRACT 
Flexible Seating System 
to be reconfigured 
up to 24 different ways! f 
In fact, you can re- 
move the second row 
and by simply flip- 
ping a lever you can 
slide the third row 
into five different 
positions along the 
QUEST TRAC. 

Which means 
with the new Nissan 
Quest a parent can 
finally sit back and 
relax until, that is, 
your kids start mak- 



on the scenery instead that the controls to 

of the speedometer. the power windows, 

Attention to ergo- door locks and mir- 

nomics is so complete rors are nestled in 



Of course we in- 
tend to spoil your 
children as well. 

A second row of 
luxurious captain's 
chairs** is provided 
to keep your kids 

wear their seat belts. *GXE model **Optional on GXE model 'Optional on XE model, standard on GXE. "GXE with optional 2nd-row captains chairs. 
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A bundle of fibers is cast in place to 
line the cylinder walls of Honda's 
new Prelude engine. Because of its 
strength, the system can use thin- 
ner cylinder sleeves (above). 



Honda's metal matrix 

Embedding carbon or aramid fibers in 
plastic resin to make strong composite 
materials is considered commonplace 
nowadays. Even sporting goods 
— which don't always need such exotic 
structural contents — can boast of 
them. But how about lacing a motor 
with nonmetallic fibers? 

Honda Motor Co. is using a fiber-re- 
inforced metal alloy, also known as a 
metal-matrix composite (MMC), to 
help make high-performance engines 
lighter and smaller. It's currently used 
to line the cylinders of the 2.3-liter 
Prelude engines sold in the United 
States. Honda's MMC is made from 
aluminum alloy reinforced with short 
lengths of carbon and aluminum-oxide 
ceramic fiber. 

The ultrahard ceramic fibers pre- 
vent the sliding piston rings from con- 
tacting the softer aluminum matrix 
surrounding them. This improves the 
wear-resistance of the cylinder liners. 
Carbon fibers are also added for their 
self-lubricating characteristics. To- 
gether, the two types of reinforcing 
fibers compose 24 percent of MMC by 
volume. 

The hybrid material's greater 
strength when compared with conven- 
tional cast-iron cylinder liners enabled 
Honda engine designers to reduce 
cylinder wall thickness from nine to 
seven millimeters. The payoff is a 
weight savings of ten pounds, plus an 
increase in engine displacement with 
no change in exterior dimensions. A 
further benefit is MMC's superior 
thermal conductivity, which improves 
heat transfer from the cylinders, ac- 
cording to Ben Knight, vice president 
at Honda Research and Development 
North America in Torrance, Calif. 



Honda's MMC isn't the only route to 
stronger and lighter aluminum en- 
gines. Porsche and Mercedes cars and 
the ill-fated Chevy Vega have all used 
engines cast from a tough high-silicon 
alloy developed by Reynolds Alu- 
minum. The disadvantage with a 



high-silicon alloy is extreme sur- 
face hardness, which eats up lots 
of expensive cutting tools during 
the machining process. Honda 
must use a special diamond- 
tipped hone to finish its MMC- 
lined cylinders, but the rest of 
the block is machined using 
standard tools. 
In developing the MMC casting pro- 
cess, Honda's engineers borrowed a 
method used in traditional papermak- 
ing. A slurry composed of water and 
the two types of fiber is drawn by suc- 
tion through a cylindrical screen, 
which traps the carbon and ceramic 
whiskers on its surface. The resulting 
preform is then compressed to in- 
crease its density and fired in a kiln, 
destroying the screen. 

During the low-speed die-casting 
process used to make Prelude engine 
blocks, molten aluminum is forced into 



GMC GOES AERO WITH '94 SONOMA 




The 1994 GMC Sonoma that was pre- 
viewed this spring is new down to its frame. 
The design, with a radically bobbed nose, 
raked windshield, streamlined cab, and 
neatly integrated rear bumper, results in a 
0.42 coefficient of drag (for the two-wheel 
drive) — amazing for a pickup — down from 
the current 0.475. 

The reshaping, along with improved door 
and body sealing and other detail improve- 
ments, significantly reduces wind noise. 
The intrusion of outside noise is reduced 
by increased sound insulation, quieter en- 
gines and transmissions, and smaller body 
openings. The interior is also revamped, 



with additional hip-, shoulder-, and leg- 
room, as well as more comfortable seats 
and a more contemporary dashboard. 

A stiffer frame on two-wheel-drive models 
provides a more solid feel. Seven suspen- 
sion/shock/tire packages have been devel- 
oped to match customer use. 

A short ride in a five-speed-manual V6 
Sonoma preproduction model with "sport" 
suspension verified GMC's claims, indicat- 
ing that the '94 Sonoma should be as 
tough a competitor as it is a truck. But 
don't look for it at your GMC dealer until 
regular 1994 model introduction time. 
— John Matras 
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Jxxit six years ago, I decided to stop smoking. So I tried cold turkey. But soon, my wife caught me sneaking 
cigarettes out the bathroom window. 




QUITE FRANKLY, I NEVER THOUGHT 
I COULD REALLY QULT SMOKLNG. 



Then my doctor suggested Habitrol™. Habitrol is a nicotine patch, indicated as an aid to smoking cessation for the 
relief of nicotine withdrawal symptoms. It's available only by prescription. When used as part of a comprehensive 
behavioral smoking cessation program, it's been clinically proven to increase the chances of quitting in the critical 
first three months. That's when nicotine withdrawal symptoms force many people back to smoking. Long term 
studies with Habitrol haven't been conducted. 

As part of my smoking cessation program, I attended a support group my doctor recommended. He also gave me a 
free support kit with tips on getting through the rough times. And an audio tape for relaxation and motivation. 

Because Habitrol contains nicotine, STOP smoking completely before starting your therapy with Habitrol and 
do NOT smoke or use any other nicotine containing products while you are receiving Habitrol therapy. If you're 
pregnant or nursing, or have heart disease, be sure to first find out from your doctor all the ways you can stop smoking. 
If you're taking prescription medicine or are under a doctor's care, talk with your doctor about the potential risks of 
Habitrol. Habitrol hasn't been studied in persons under 18, and it shouldn't be used for more than three months. 

If you're really determined to quit, ask your doctor if Habitrol as part of a comprehensive smoking cessation 
program is right for you. Or call 1-800-YES-U-CAN, for a brochure today. 

If you're tired of quitting and failing, Habitrol can help you with the nicotine craving and this can help you in your 
program to quit smoking. After that, it's up to you. ^^^^^^^^^^m 

IF YOU'VE GOT THE WILL, NOW YOU CAN HAVE THE POWER. Habitrol 

(nicotine 
transdermal 
system) 



1 J" BASEL 
iU Pharmaceuticals 

DmSOI 01 CIBA-GEIGY Cotxyabon 
Sunrm Ne» Jffsey 07901 
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273-30880 

See next page for additional important information. 
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(nicotine transdermal system) 

Systemic delivery ol 21, 14, or 7 mq/rjay over 24 hours 

BRIEF SUMMMr. FOR FUU PWSCRIBUK M FORMATION SEE PACKAGE 



INDICATIONS AM) USAfiE 

Habilrol Irealmeni is indicated as an aid lo smoking cessation lor trie reliel ol nico - 
line withdrawal symptoms Habitrol treatment should be used as a pan ol a com- 
prehensive behavioral smoking cessation piogtam 
The use ol Habilrol systems lor longer than 3 monlfts has nol been studied 



Use ol Habitrol systems is connamdicaled m palienls with hypersensitivity or aller- 
gy to nicotine or to any ol the components ol the therapeutic system 



Nicotine Irom any source can be toxic and addictive Smoking causes lung cancer, 
heart disease emphysema, and may adversely aftect the telus and the pregnant woman 
For any smoker with or without concomitant disease or pregnancy, the risk ol nicotine 
replacement in a smoking cessation program should be weighed against the hazard ol 
continued smoking while using Habilrol systems and the likelihood ol achieving ces- 
sation ot smoking without nicotine replacement 
Pregnancy Wami ng, 

Tobacco smoke which has been shown lo be harmful lo the fetus, contains 
nicotine, hydrogen cyanide and carbon monoxide Nicotine has been shown in 
animal studies to cause telal harm II is theretore presumed that Habitrol treat- 
ment can cause tetal harm when administered lo a pregnant woman The ellecl 
ol nicotine delivery by Habitrol systems has nol been examined m pregnancy 
(see PRECAUTIONS. Other Etlecls) Theretore. pregnant smokers should be 
encouraged lo attempt cessation using educational and behavioral interven- 
tions belore using pharmacological approaches II Habitrol therapy is used 
during pregnancy, or il the patient becomes pregnant while using Habitrol 
treatment the patient should be apprised ot the potential hazard lo the fetus 
Safety Note Concerning Children 

The amounts ol nicotine thai are tolerated by adull smokers can produce symptoms 
ot poisoning and could prove fatal it Habitrol systems aie applied or ingested by 
children ot pels Used 21 mg/day systems contain about 60% (32 mg) ot (heir ini- 
tial drug content Theretore patients should be cautioned lo keep both used and 
unused Habitiol systems out ol Ihe leach ol children and pels 
PRECAUTIONS 
General 

The patient should be urged lo stop smoking completely when initiating Habitrol 
therapy (see DOSAGE AND ADMINISTRATION) Patients should be informed that it 
they continue to smoke while using Habitrol systems. Ihey may experience adverse 
effects due lo peak nicotine levels higher than those experienced Irom smoking 
alone It there is a clinically significant increase m cardiovascular or other effects 
attributable to nicotine, the Habitrol dose should be reduced oi Habitrol treatment 
discontinued (see WARNINGS) Physicians should anticipate that concomitant 
medications may need dosage adiustment (see Drug Interactions) 

The use ot Habitrol systems beyond 3 months by patients who stop smoking 
should be discouraged because Ihe chronic consumption ol nicotine by any route 
can be harmlul and addicting 

Allergic Reactions: In a 6- week open-label dermal irritation and sensitization 
study ol Habitrol systems. 22 ol 220 patients exhibited delmite erythema at 24 
hours after application Upon rechallenge. 3 patients exhibited mild-to-modeiale 
contact allergy Patients with contact sensitization should be caulioned lhat a sen - 
ous reaction could occur liom exposure to other nicoline-conlammg products or 
smoking In Ihe efficacy trials erythema following system removal was typically 
seen in about 1 7% of patients, some edema m 4%, and dropouts due lo skin reac- 
tions occurred in 6% ot patients 

Patents should be instructed lo promptly Discontinue the Habitrol Irealmeni 
and contact then physicians if Ihey expenence severe or persistent local skin reac- 
tions at Ihe site ol application (e g severe erythema, pruritus or edema) or a gen • 
eralized skin reaction (e g , urticaria hives, or generalized rash) 
Sim Disease: Habitrol systems are usually well tolerated by patients with normal 
skin but may be irritating lor patients with some skin disorders (atopic or eczema- 
lous dermatitis) 

Cardiovascular ot Peripheral Vascular Diseases: The risks Of nicotine 
replacement in patients with certain cardiovascular and peripheral vascular dis- 
eases should be weighed against the benefits ol including nicotine replacement in 
a smoking cessation program lor them Specifically, patients with coronary head 
disease (history ot myocardial infarction and/ot angina pectoris) serious cardiac 
arrhythmias or vasospastic diseases (Buerger s disease, Prinzmetal s variant angi - 
na) should be carefully screened and evaluated belore nicotine replacement is pre- 
scribed 

Tachycardia occurring in association with the use ot Habitrol treatment was 
reported occasionally II serious cardiovascular symptoms occur with Habilrol 
treatment, it should be discontinued 

Habitrol treatment should generally nol be used in palienls during Ihe immedi- 
ate post-myocardial infarclion period patients with serious arrythmias. and 
patients with seveie oi woisenmg angina pectoris 
Renal or Hepatic laufticieasr The pharmacokinetics ol nicotine have not 
been studied m the elderly or m patients witti renal or hepatic impairment 
However given that nicotine is extensively metabolized and lhat its total system 
clearance is dependent on liver blood How some mlluence ot hepatic impairment 
on drug kinetics (reduced clearance) should be anticipated Only severe renal 
impairment would be expected to affect Ihe clearance ol nicotine or its metabolites 
from Ihe circulation (See CLINICAL PHARMACOLOGY Pharmacokinetics) 
Endocrine Diseases: Habitrol treatment should be used with caution in 
patients with hyperthyroidism pheochromocytoma or insulin-dependent dia- 
betes since nicotine causes the release ot catecholamines by Ihe adienal medul- 
la 

Poetic Ulcer Ornant: Nicotine delays healing in peptic ulcer disease therefore. 
Habitrol treatment should be used with caution m patients with active peptic ulcers 
and only when the benefits ot including nicotine replacement m a smoking cessa- 
tion program outweigh Ihe risks 

Accelerated Hypertension: Nicotine constitutes a risk factor toi development 
ot malignant hypertension m patients with accelerated hypertension therefore. 
Habilrof treatment should be used with caution m these palienls and only when the 
benelits ol including nicotine replacement in a smoking cessation program out- 
weigh the risks 
Information for Patients 

A patient instruction sheet is included m the package ol Habitrol systems dis- 
pensed to the patient II contains important information and instructions on how to 
use and dispose ol Habilrol syslems properly Patients should be encouraged to 
ask questions ol lire physician and pharmacist 

Palienls must be advised lo keep both used and unused syslems out ol the reach ot 



children and pels 
Drug Interactions 

Smoking cessation, with oi without nicotine replacement, may alter the pharma- 
cokinetics ol certain concomitant medicalions 
May Require a Decrease in 

Pose at Cessation of Smoliina PfBtfile MorrtiMBai 

Acetaminophen caffeine Deinduction ol hepatic 

imipiamine oxazepam, enzymes on smoking 

pentazocine propranolol cessation 
theophylline 



Insulin 



Increase of subcutaneous 
insulin absorption with 
smoking cessation 



Adrenergic antagonists 
(e g prazosin labelalol) 



Decrease in circulating 
catecholamines with 
smoking cessation 
May Require an Increase le 

Dose at Cessation af SmoMnj Possible Me chani sm 

Adrenergic agonists Decease in circulating 

(e g , isoproterenol calechoammes with 

phenylephrine) smoking cessation 

Carcieoejeneiii, Metagenesis, impairment of Fertility 

Nicotine itself does nol appear lo be a carcinogen m laboialory animals However 
nicotine and its metabolites increased Ihe incidence ol tumors in the cheek pouch- 
es ol hamsters and torestomach of F344 rats respectively, when given in combina- 
tion with tumor-initiators One study which could not be replicated suggested thai 
colmine the primary metabolite ot nicotine may cause lymphoielrcular sarcoma in 
Ihe large intestine in rats 

Nicotine and colmine were not mutagenic m Ihe Ames Salmonella 
test Nicotine induced reparable DMA damage m an f coh lesl system Nicotine 
was shown to be genoloxic in a lest system using Chinese hamster ovary cells In 
rats and labtxts. implantation can be delayed or inhibited by reduction in DNA syn- 
thesis that appears to be caused by nicotine Studies have shown a decrease in litter 
size in rats treated with nicotine during gestation 
Pregnancy Category D (see WARNINGS! 
The harmlul effects ol cigarette smoking on maternal and fetal health are clearly 
established These include low birth weight an increased risk of spontaneous 
abortion and increased perinatal mortality The specific effects ot Habilrol treal ■ 
menl on letal development are unknown Theretore pregnant smokers should be 
encouraged lo attempt cessation using educational and behavioral interventions 
belore using pharmacological approaches 

Spontaneous abortion during nicotine replacement therapy has been reported 
as with smoking nicotine as a contributing laclor cannol he excluded 

Habilrol Irealmeni should be used during pregnancy only if ttie likelihood of 
smoking cessation iustilies Ihe potential risk ot use of nicotine replacement by Ihe 
patient who may continue to smoke 
Teratogenicity 

Animal Studies: Nicotine was shown lo produce skeletal abnormalities in the off- 
spring ol mice when given doses toxic to the dams (25 mg/kg/day IP or SC) 
Human Studies: Nicoline teratogenicity has not been studied in humans except 
as a component ol cigarette smoke (each cigarette smoked delivers about 1 mg of 
nicotine) It has nol been possible lo conclude whether cigarette smoking is teiato - 
genre to humans 
Other Effects 

Animal Studies: A nicotine bolus (up to 2 mg/kg) lo pregnant rhesus mon- 
keys caused acidosis, hypercarbia and hypotension (letal and malernal con- 
centrations were about 20 limes those achieved after smoking 1 cigarette m 5 
minutes) Fetal breathing movements were reduced in the fetal lamb after 
inttavenous inieclion ol 0 25 mg/kg nicotine to the ewe (equivalent to smok- 
ing 1 cigarette every 20 seconds tor 5 minutes) Uterine blood How was 
reduced about 30% alter mtusion of 0 1 mg/kg/mm nicotine tor 20 minutes to 
pregnant rhesus monkeys (equivalent lo smoking about 6 cigarettes every 
minute tor 20 minutes) 

Human Ctpenonce: Cigarette smoking during piegnancy is associated with an 
increased nsk of spontaneous abortion, low-bnlh -weight inlants and perinatal mor- 
tality Nicotine and carbon monoxide are consideied the most likely mediators ol 
these outcomes The etlecls ol cigarette smoking on letal cardiovascular parameters 
have been studied neai term Cigarettes increased letal aortic blood How and heart 
rate and decreased uterine blood How and letal breathing movements Habitrol 
treatment has not been studied in ptegnam humans 



Habilrol systems are not recommended to be left on during labor and delivery Ihe 
effects ol nicoline on Ihe molher or Ihe fetus during labor are unknown 
Nursing Mothers 

Caution should be exeicised when Habitrol therapy is administered to 
nursing women The safety ol Habitrol Irealmeni in nursing infants has not 
been examined Nicotine passes Ireely into breast milk the milk-lo-plasma 
ratio averages 2 9 Nicotine is absorbed orally An infant has Ihe ability lo 
clear nicoline by hepatic first-pass clearance, however, the elficiency ol 
removal is probably lowest at birth The nicotine concentrations in milk can 
be expected to be lower with Habitrol treatment when used as directed than 
with cigarette smoking as maternal plasma nicotine concentrations are 
generally reduced with nicotine replacement The risk ol exposure ol the 
infant lo nicoline Irom Habitrol syslems should be weighed against the 
risks associated with the mlant s exposure to nicotine from continued 
smoking by Ihe molher (passive smoke exposure and contamination of 
breast milk with other components of tobacco smoke) and from Habilrol 
syslems alone oi in combination with continued smoking 
reclame use 

Habitiol systems are nol recornrnended for use in children because the salety and 
eflecliveness of Habitrol Irealmeni in children and adolescents who smoke have not 
been evaluated 
Geriatric Use 

Forty-eight patients over Ihe age ol 60 participated in clinical trials ol Habilrol ther - 
apy Habilrol therapy appealed lo be as effective in this age group as in youngei 
smokers 

ADVERSE REACTIONS 

Assessment ot adverse events in the 792 patients who participated in controlled 
clinical trials is complicated by the occuirence ol Gl and CNS effects ol nicoline 
wilhdrawal as well as nicotine excess The actual incidences ol both are confound - 
ed by concurrent smoking by many ol Ihe patients In the trials, when reporting 
adverse events, the investigators did not attempt to identity the cause of the symp - 
torn 

Topical Adverse Events 

The mosl common adverse event associated with topical nicoline is a short-lived 
erythema pruritus, or burning at Ihe application site which was seen at leasl once 



in 35% ol patients on Habilrol treatment in Ihe clinical trials Local erythema after 
system removal was noted at least once in 17% ol palienls and local edema in 4% 
Erythema generally resolved within 24 hours Cutaneous hypersensitivity (contact 
sensitization) occurred in 2% ol patients on Habitrol irealmeni (see PRECAU- 
TIONS Allergic Reactions) 
Probably Causally Related 

The following adverse events were reported more Irequenlfy m Habitrol freated patients 
than in placebo-treated patients or exhibited a dose response in clinical trials 
Digestive system - Diarrhea", dyspepsia* 
Mouth/Tooth disorders - Dry mouth 
Musculoskeletal system - Arthralgia' myalgia* 
Nervous system ■ Abnormal dreamst . somnole nce) 
Frequencies lor 21 mg/day system 
■Reported in 3% to 9% ot palienls 
tReported in 1% lo 3% ot patients 
Unmarked il reported in < 1% of patients 
Causal Relationship Unknown 

Adverse events reported in Habilrol- and placebo-treated patients at about the 

same frequency in clinical trials aie listed below The clinical significance ol the 

association between Habitrol treatment and these events is unknown, but they are 

reported as alerting information for Ihe clinician 

Body as a whole - Allergy!, back pain) 

Cardiovascular system - Hypertensiont 

Digestive system - Abdominal paint constipationt. nausea' vorritmg 

Nervous system Dizziness" concentration irnparredt . headache (17%). insomnia' 

Respiratory system - Cough increased), pharyngitis!, smusilist 

Urogenital system - Dysmenorrhea" 

Frequencies lor 21 mg/day system 

•Reported in 3% to 9% ol palienls 

tReported m 1% to 3% of palienls 

Unmarked il reported in < 1% ot palienls 

DRUG ABUSE AND DEPENDENCE 

Habitrol systems are likely lo have a low abuse potential based on differences between 
if and cigarettes in lour charaflenslics ccrnmonty considered importanl in contributing 
to abuse much slower absorption, much smaller lluctualions m blood levels lower 
blood levels ol nicoline. and less trequenl use (i e once daily) 

Dependence on nicoline polacnlex chewing gum replacement Iheiapy has been 
reported Such dependence might also occur Irom transference to Habilrol systems 
ot tobacco-based nicotine dependence The use of the system beyond 3 months 
has not been evaluated and should be discouraged 

To minimize the risk ol dependence, palienls should be encouraged to withdraw 
gradually from Habilrol treatment alter 4 to 6 weeks ol usage Recommended dose 
reduction is lo progressrvely decrease the dose every 2 to 4 weeks (see DOSAGE AND 
ADMINISTRATION) 
OVERDOSAGE 

The etlecls ol applying several Habilrol syslems simultaneously or ol swallow- 
ing Habitrol syslems are unknown t see WARNINGS Safely Note Concerning 
Children) 

The oral LD. lor nicotine in rodents varies with species but is in excess ol 24 
mg/kg death is due lo respiratory paralysis The oral minimum lethal dose ol nico- 
tine m dogs is greater than 5 mg/kg The oral minimum acute lethal dose for nico- 
tine in human adults is reported lo he 40 to 60 mg (*1 mg/kg). 

Two or three Habilrol 30 crrr systems in capsules led to dogs weighing 8- 1 7 kg 
were emeiic. but did not produce any other signilicant clinical signs The adminis - 
tralion ol these patches conesponds lo about 6-1 7 mg/kg ol nicotine 

Signs and symptoms ol an overdose of Habitrol syslems would be expected 
to be the same as those ol acute nicotine poisoning including pallor cold 
sweat nausea salivation, vomiting, abdominal pain, diarrhea, headache, dizzi- 
ness disturbed hearing and vision, tremor, mental contusion, and weakness 
Prostration hypotension and respiratory failure may ensue with large over- 
doses Lethal doses produce convulsions quickly and death tallows as a lesuii 
of peripheral or cenlral respiratory paralysis or less frequently, cardiac failure 
Overdose From Topical Exposure 

The Habilrol system should be removed immediately if Ihe patient shows signs ol 
overdosage and the patient should seek immediate medical care The stun surtace 
may be Hushed with water and dried No soap should be used since il may 
increase nicoline absorption Nicotine will continue lo be delivered into the blood- 
stream tor several hours (see CLINICAL PHARMACOLOGY Pharmacokinetics) 
alter removal ol Ihe system because ol a depot ol nicotine in ihe skin 



Persons ingesting Habilrol syslems should be referred lo a health care facility tor 
management Due to Ihe possibility ot nicotine-induced seizures, activated char - 
coal should be administered In unconscious palienls with a secure airway, instill 
activated charcoal via nasogastric tube A saline cathartic oi sorbitol added lo Ihe 
Ins! dose ol activated charcoal may speed gastrointestinal passage ol Ihe system 
Repealed doses ol activated charcoal should be administered as long as the sys- 
tem remains in the gastrointestinal tract since it will continue la release nicotine for 
many hours 

Management of Nicotine Poisoning 

Other supportive measures include diazepam or barbiturates tor seizures, atropine tor 
excessive bronchial secretions or diarrhea, respiratory support lor respiratory failure, 
and vigorous fluid support for hypotension and cardiovascular collapse 
Safety and Handling 

Habitrol systems can be a dermal irritant and can cause contact sensitization 
Although exposure ot health care workers lo nicotine from Habilrol systems should 
be minimal care should be taken to avoid unnecessary contact with active sys- 
tems If you do handle active systems wash wilh water alone since soap may 
increase nicotine absorption Do nol touch your eyes 



When the used system is removed Irom the skin, it should be folded ovei and placed 
in the protective pouch which contained the new system The used system should be 
immediately disposed ol in such a way to prevent its access by children or pets See 
patient information lor further directions tor handling and disposal 
Hear to Store 

Do nol store above 86-F (30"C) because Habitrol syslems are sensitive lo heal A 
slight discoloration ol the system is nol significant 

Do nol store unpouched Once removed Irom the protective pouch. Habitrol 
syslems should be applied promptly since nicotine is volatile and the system may 
lose strength 

CAUTION: Federal law piohibils dispensing without prescription 
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the tiny voids in the fiber cylinder-lin- 
er preforms. The solidified engine- 
block casting is a complex chunk of 
metal with extra-hard bores and easily 
machinable surfaces everywhere else. 
Using the MMC process for the medi- 
um-volume Prelude engines increases 
Honda's manufacturing cost by about 
$100 per car, a price that so far has re- 
stricted its use to the Prelude engine. 
— Stuart F. Brown 

Safety headlights 

High-beams that don't blind oncoming 
drivers and can penetrate fog are the 
promise of ultraviolet (UV) headlights 
being promoted in Sweden by Ultra- 
lux, a joint venture backed by Volvo 
and Saab. 
While invisible to approaching 



drivers, UV illu- 
minates fluores- 
cent objects such 
as specially treat- 
ed road markers, 
clothing, and oth- 
er articles, mak- 
ing them glow in 
the dark like ny- 
lon shirts in a dis- 
co. Since the UV 
light isn't visible 
when reflected by 
water droplets, it drills through fog 
and mist with no white-curtain effect 
and can even penetrate an inch or two 
of snow. The concept isn't new, but 
eliminating the known health haz- 
ards of UV puts it closer to acceptance 
as a practical safety aid. 
The headlamp assemblies used by 




WEIGHT-WATCHER'S SUPRA 



You won't find all-wheel drive, four-wheel 
steering, or "active" aerodynamics on Toy- 
ota's 1993 Supra, the company's flagship 
car. All were omitted during the develop- 
ment of the fourth-generation Supra as part 
of a strict weight-reduction regime. In the 
process, Toyota's "willpower" team met 
some 950 times to come up with weight- 
saving features such as an aluminum hood, 
plastic gas tank, a single- rather than a 
dual-exhaust system, hollowed-out bolt 
heads, and even hollow-fiber carpeting for 
the car's interior. It all adds up to a 310- 
pound savings in weight and brings the 
Supra's gross vehicle weight to about 3,200 
pounds for the base model. That approach- 
es the 3,000-pound weight of Acura's all- 
aluminum NSX in the super-car class. 

Indeed, the new Supra is no lightweight 
in performance. The base engine, a three- 
liter double-overhead-cam in-line six from 
the Lexus SC 300, produces 220 horse- 
power at 5,800 rpm and powers the rear 
wheels through a five-speed-manual or 
four-speed-automatic transmission. The 
twin-turbo version — the primary turbo pro- 



vides the boost below 3,000 rpm and the 
primary and secondary supply the boost 
above 3,500 rpm — delivers 320 hp, suffi- 
cient, says Toyota, to get the car to 60 mph 
in 5.1 seconds. Top speed is limited to 155 
mph by the engine computer. A six-speed 
manual is standard and a four-speed auto- 
matic with manual-shift mode is optional on 
the turbo. 

Four-wheel-independent double-wish- 
bone suspension, front and rear stabilizer 
bars, and massive Z-rated tires (the base 
model gets 16-inch wheels; the turbo, 17- 
inch) get the power to the ground very con- 
vincingly. A Torsen limited-slip differential 
splits torque between the rear wheels ac- 
cording to slippage. An optional electronic 
traction-control system can be manually se- 
lected by the driver. 

Four-wheel antilock brakes are standard, 
as are dual air bags. Prices for the car, 
which goes on sale in June, have not been 
set. But the Supra won't be subject to the 
gas-guzzler tax: It gets a reasonable 18 
mpg in the city and 23 mpg on the highway. 
— Richard Stepler 



Ultralux 's new ultraviolet headlamp system being tested in Europe illumi- 
nates fluorescent objects such as specially treated clothing (right). 



Ultralux are supplied by Hella in Ger- 
many. The system uses high-intensity 
gas-discharge (HID) bulbs that have 
UV in their spectrum. UV light is be- 
low the wavelength of visible light. 
Visible light is eliminated with a blue 
glass filter in front of the bulb reflec- 
tor. Of the three types of ultraviolet ra- 
diation, UVB and UVC can cause can- 
cer and eye damage, and their short 
wavelengths are suppressed by careful 
color-tuning of the filter. 

This leaves relatively harmless 
UVA, commonly used in suntanning 
lamps, which is just below the visible 
light band. Since there is still a possi- 
ble health risk to children who are at- 
tracted by the faint violet glow and 
peer into it when the car is stationary, 
Hella proposes that these headlights 
be usable only when the vehicle is 
moving. 

Ultralux has prepared 50 miles of 
public roads around Gothenburg, Swe- 
den, with fluorescent markings and 
signs as a testing area. It is running 
tests with four-eyed cars that have 
normal halogen dipping, or low-beam, 
lights paired with high-beam UV units 
on each side, which is the expected 
layout for future applications. The UV 
lights automatically come on with the 
white dipped beams, effectively dou- 
bling their range without causing daz- 
zle. — David Scott 
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Friendly advice 



Instead of just showing a recommend- 
ed route on a screen, Toyota's new 
Global Positioning System has a polite 
female voice to guide you through ev- 
ery turn. 

On a recent test drive in Japan, the 
system figured the best route to my in- 
put destination and displayed it on- 
screen. Then the voice took over. The 
spoken directions led me out of Tokyo, 
down some 65 miles of highway in- 
cluding interchanges, through sub- 
urbs, and into the heart of a city I had 
never visited before. I literally could 
have done it without glancing at the 
screen or reading the road signs. 

Once on the highway, the voice says 
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Nissan's new air-bag system, available in 1993 on 
Japan-only models, deploys behind the driver. 

you've got a way to go; it remains 
silent until it warns that your exit is 
approaching. On local roads it an- 
nounces turns when they are about 
300 yards ahead and again when they 
are 30 yards ahead. It even handles 
multiple turns such as: "In about 30 
yards, turn right. Then after 20 yards, 
turn right again." And, unlike some 
human navigators, it doesn't get angry 
if you miss a turn. It simply refigures 
your route at the press of a button. 

The only problem I had was when 
the system didn't realize I was 
traveling on a highway stacked above 
a local street. Following the system's 
directions to turn would have sent me 
into the guardrail. A Toyota 
spokesman says there is a way to 
avoid that, but you have to read the 
fine print in the owner's manual to 
find out. 

Toyota developed the system with 
Aisin A W Co., an affiliated parts mak- 
er, and claims it is the first voice-navi- 
gation system in a production car. 
Currently, it is available only as an op- 
tion on Toyota's luxury Celsior model, 
the equivalent of the Lexus LS400 and 
available only in Japan. Toyota has no 
immediate plans to offer the system 
elsewhere, but that could change de- 
pending on demand. — Dennis Normile 

Rear-seat air bag 

Nissan expects to have a rear-seat air- 
bag system on some Japan-only car 
models in 1993, which would make it 
the first company to offer such a sys- 
tem on a production car. 

Rear-seat air-bag systems have not 
received the emphasis of the more 
popular driver-side or front-seat-pas- 
senger systems. Such systems do, 
however, offer protection for rear-seat 
riders as well as for passengers in the 
front seat who are subject to injury 
from unrestrained riders in the back of 
the car. 



A rear-seat system is more 
complex than its front-seat 
equivalent now in use, according 
to Nissan. And with good reason: 
Rear-seat passengers tend to sit 
in a greater variety of positions, 
and children are more likely to 
be seated in the back. 

The Nissan restraint is about 
1.5 times greater in volume than 
the driver-side air bag and has a 
two-stage inflator that reduces 
inflation noise and moderates 
changes in bag pressure. Infla- 
tion is triggered by two impact 
sensors mounted in the floor 
tunnel of the passenger compart- 
ment. The rear-seat air bag re- 
stricts seat adjustment, and there is 
still concern about inflating numerous 
bags simultaneously in the confined 
space of the car interior. Currently, the 
plan is for a rear-seat bag only behind 
the driver's seat. 



some 



Fuel-cell alternative 

Mazda is not the only company work- 
ing on a fuel-cell-powered electric car. 
The company does claim, however, to 
be the first with a prototype based on 
a proton exchange membrane (PEM) 
fuel cell. 

A PEM fuel cell uses a solid polymer 
electrolyte similar to those used in fuel 
cells for space applications. The mem- 
brane assembly is a sandwich, with the 
solid polymer electrolyte in the middle, 
a layer of platinum catalyst on each 
side of the membrane, and a cathode 
and anode of porous carbon, one on 
each side. As with other fuel cells, hy- 
drogen or hydrogen-rich substances 
such as methanol and natural gas are 
used as fuel. 

What makes the PEM fuel cell attrac- 
tive for auto applications is its ability to 
provide power on demand. This differs 
from phosphoric-acid fuel cells that take 



NEW FEATHERS FOR THE FIREBIRD 

: - Will II I ITT 




The 1993 Firebird is an impressive update 
on the pony-car theme. But even more 
striking is how it combines highway man- 
ners and track performance — about as well 
as some expensive German cars. The new 
Firebird rides more smoothly on the road 
than its predecessors, with a more rigid 
chassis and fewer rattles. 

On the track, as proven at the model's 
Road Atlanta press introduction, the Fire- 
bird is a revelation. The premium models 
handle with confidence-inspiring precision, 
mainly due to their new short/long arm 
(SLA) front suspension (instead of last 
year's struts), plus deCarbon shock ab- 
sorbers, new rack-and-pinion power steer- 
ing, and. on the Formula and Trans Am, 
P245/50ZR16 Goodyear Eagle GS-C tires 
on 16-by-8-inch cast aluminum wheels. 

The new Firebird comes with either a 160- 



hp, 3.4-liter V6 or a 275-hp 5.7-liter LT1 V8. 
The base model s six provides economy 
with solid performance, while the eight is 
impressive on the road and even more so 
on the track. 

The V8, whose presence can be heard as 
well as felt from the driver's seat, is stan- 
dard with the Formula and Trans Am, as is 
the new Borg-Warner T-56 six-speed trans- 
mission — slick shifting and with a ratio for 
every occasion. Only standard gear ratios 
differentiate the Formula and Trans Am me- 
chanically, the Formula sharing the base 
Firebird's slightly less dramatic styling. An 
electronic four-speed automatic is optional 
across the board. 

The new Firebird is even affordable, unlike 
those German marques: The base bird's list 
price is estimated at $14,000 and the Trans 
Am is about $21 ,500— John Matras 
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NEW PRODUCT — TROY- B I LT® CHIPPER/VAC 



Chipping Chute 

auto-feeds branches 
into blade spinning 
at 3,600 rpm. 




Auto-fill Bag 

neatly contains 
the pulverized bits; 
holds 3! > bushels. 
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Shredding Blades instantly REDUCE 
debris with 5,000 bites per second. 




Vacuum Collector 

draws in debris with 
136 mph vacuum. 



BREAKTHROUGH TECHNOLOGY 
MAKES YARD CLEAN-UP FAST & EASY! 



Introducing — The New & 

Better Way To Maintain 

And Beautify Your Yard! 

The TROY-BILT* Chipper/Vac is an 
entirely new concept in yard clean- 
up. It eliminates raking, bagging, 
hauling, bundling yard debris! It 
collects and processes most 
materials automatically as you walk. 

REDUCE Debris 10-to-1! 

What once filled 10 yardbags now 
fills just 1 ...because the Chipper/Vac 






Shredded debris is REDUCED for easy 
disposal... or for RECYCLING as weed- 
smothering mulch. 



Groom and beautify your yard 
automatically with the revolutionary 
TROY-BILT 9 Chipper/Vac as you walk! 

chips and shreds debris, reducing it 
10-to-1. Leaves, seedpods, acorns, 
pinecones, brush, branches up to 
3'A" thick ...and much more. ..become 
mulch and woodchips that are easy 
to discard, easy to RECYCLE as 
handsome landscaping materials. 



qtroyb/lt 



Send TODAY for 
FREE Details! 

Send for FREE 
details on our whole 
line of TROY-BILT 
Chipper/Vacs including 
special prices now in 
effect... & exciting information on 
how you can own a new Chipper/Vac 
FREE 'TIL FALL*/ 

•Offer valid March 1 thru April 30. 1993. 



FREE CATALOG! CALL TOLL-FREE: 

1-800-669-2828 

Dept.3839B 



TROY-BILT Mfg. Co. 
Dept. A3839B 

102nd St. and 9th Ave. 
Troy, N.Y. 12180 

J YES! Please send me | 
your FREE TROY-BILT 
Chipper/Vac Catalog including details on 
all your models.. .& information on your 
No-Money-Down FREE TIL FALL* 
financing offer on now! 3 76 

Name 



'Important Information Regarding Credit Terms The APR., based on your state of residence, is as follows: AK - 18% on first $1,000 
of balance. 7.92% on excess; AL. CT, FL. LA. MA. ME, MN. NC. ND. PA. Rl, WA. and Wl - 18%; AR - 7.92%. KS - 18 96% 
on first $ 1 .000 of balance. 1 4.4% on excess; NE - 1 8 96% on first $500 of balance. 1 8% on excess; SC - 1 6 92%; TX - 
1 7.64%; WV - 1 8% on first $750 of balance, 1 2% on excess; DC and all other states - 1 8 96% Minimum finance charge is 
$.50 (except for residents of AR. CT. DC. HI. ID. KY, LA. MD. MO. NE. NM. NC, ND. OR. and Rl.) 




Address. 
City 



State/Zip_ 



Also Available in Canada © 1993 Garden Way Inc. 
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NISSAN'S STYLISH ELECTRIC 




The light weight of its all-aluminum frame 
keeps the all-up curb weight of Nissan's 
Future Electric Vehicle (FEV) slightly less 
than 2,000 pounds, which includes 444 
pounds of quick-charging nickel-cadmium 
batteries. 

The light weight is responsible for accel- 
eration that, while not exactly tire-smoking, 
at least keeps up with traffic. A short drive 
in the FEV at Nissan's research and devel- 
opment center in Farmington, Mich., also 
demonstrated the attention paid to weight 
distribution and suspension. Handling was 
sporty, with the steering a bit stiff. 

Nissan is ahead of other 
Japanese auto companies 
in developing electric cars 
mainly because it started in 
the mid-1970s. The compa- 
ny has since put a signifi- 
cant number in service. 

The prototype FEV is both 
compact and stylish, with 
amenities that include a 
heat-pump air conditioner 
and air bags. The quick- 
charge system the Japa- 
nese automaker has de- 
veloped to recharge the 



battery pack — 40 percent in six minutes — 
is one answer to the electric car's inherent 
short range. 

A demonstration at Nissan's research 
and development center proved that the 
vehicle is relatively easy to hook up and 
operate. The quick-charge station itself op- 
erates on 440 volts, but such current is not 
widely available. 

Even the research center did not have 
an adequate source of power for the quick- 
charge demonstration — current was sup- 
plied by a huge diesel generator running 
behind the research building. 



MOTOR-DRIVEN 
AIR CONDITIONER 



CONTROLLER 
(INCLUDES IN-CAR 
CHARGER) 



LOW CD BODY SOUR CELLS LIGHTWEIGHT 
ALUMINUM FRAME 




MOTOR UNIT 1/ 
VACUUM BRAKE BOOSTER SUPER-QUICK CHARGING BATTERY 



Batteries in Nissan's FEV are installed behind the rear seat, 
with the quick-charge outlet at the rear. 



time to reach full power and then run 
best at constant output. Mazda says a 
PEM fuel cell could provide stop-and-go 
power without the supplemental batter- 
ies required by phosphoric-acid fuel-cell- 
powered cars such as the Marai 1, un- 
veiled by Sanyo last year ["Automotive 
Newsfront,"Aug.'92]. 

But the technology has a way to go. 
Mazda's demonstration vehicle has a 
top speed of 25 mph and can only trav- 
el 7.5 miles on one charge of hydrogen 
fuel. The company is concentrating its 
research on boosting the power output, 
developing hydrogen storage and han- 
dling technology, and reducing costs. 
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Commercialization is far in the future. 

The PEM fuel cell was provided by 
Ballard Power Systems of North Van- 
couver, B.C. According to the company, 
an electric bus fitted with its fuel cells 
will be tested in Vancouver beginning 
this spring. Daimler-Benz and Gener- 
al Motors are also evaluating Ballard's 
PEM fuel cells. — Dennis Normile 

Volts jolt hot cat 

An electrically heated catalyst with a 
metal rather than a ceramic substrate 
is now being evaluated as a way to 
meet the stringent 1997 California 



emissions standards ["Automotive 
Newsfront," July '92], 

Emitec, a joint venture between 
Siemens in Germany and Britain's 
GKN, claims clear advantages for the 
all-metal catalyst. For starters, since 
wall thickness of the metal substrate 
is a quarter that of a ceramic matrix, 
power-robbing back-pressure in the 
exhaust system is correspondingly 
lower for any given surface area. 
Hence the converter can be smaller 
and lighter, yet has great mechanical 
strength. 

Metal also heats to operating tem- 
perature faster than ceramic, reducing 
cold-starting emissions during the crit- 
ical warm-up period, and uses less bat- 
tery energy to do so. The metal func- 
tions as the actual resistive heating 
element; ceramic must be coated with 
electrically conductive metallic powder 
to achieve the same effect. 

The basic honeycomb matrix con- 
sists of alternate sheets of corrugat- 
ed and flat 0.002-inch-thick steel alloy 
foil rolled into a cylindrical form. Two 
paired foils are wound around sepa- 
rate axes as interlocking S-shapes in- 
side a tubular outer housing. Internal 
contact points of the foil are brazed to 
solidify the substrate and prevent tele- 
scoping under the pressure of the ex- 
haust gases. 

For electrical heating there's selec- 
tive brazing plus added insulating 
material to provide a circuitous resis- 
tive path through the entire matrix. 
Current drain is approximately 300 
amperes — comparable to a starter 
motor — but in bursts of just a few 
seconds under electronic control reg- 
ulated by thermo-sensors. This in- 
hibits the starter circuit so that you 
can't crank a cold engine until the cat- 
alyst temperature reaches 300°C. 
Then the alternator carries most of 
the heating load before the hot ex- 
haust takes over. 

Emitec's hot cat is undergoing relia- 
bility testing in Europe prior to pro- 
duction and is being tested in a special 
fleet of Volvos running in California. 
— David Scott 

Automotive note 

• Microscopic Venetian blinds are en- 
capsulated in a new plastic film devel- 
oped by 3M. The microlouvred film has 
applications on automotive instru- 
ment panels, cutting glare while en- 
abling the driver to see the instru- 
ments. Equally important may be its 
use on bank automated teller ma- 
chines, where it prevents anyone 
standing alongside the machine from 
reading the screen. OS 
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OUT OF THE BLACK 






An eyewitness description, 
a secret test site, and a new 



■Che 



analysis of advanced aeronautics 
paint a portrait of Aurora. 



1*. 



BY BILL SWEETMAN 



Does the U.S. Air Force — or perhaps one of 
America's intelligence agencies — have a new 
secret spy plane in action? A growing body of 
evidence suggests that the answer is yes. A 
startling disclosure came recently when 
Chris Gibson, a British oil engineer and high- 
ly trained aircraft-spotter, produced a sketch 
that captured the shape and size of an un- 
usual aircraft he saw during daylight hours in August 1989, 
flying over his drilling rig in the North Sea. The expert eye- 
witness's drawing is the keystone that, with other evidence, 
provides an understanding of a secret hypersonic reconnais- 
sance aircraft that is widely rumored to exist, but routinely 
denied by U.S. officials. Its nickname is Aurora. 
Gibson — a former member of the disbanded Royal Ob- 



server Corps, a group of volunteer aircraft-spotters — was 
able to estimate the strange airplane's length and width by 
comparing it with the known dimensions of the K-135 
refueling tanker and two F-lll bombers flying alongside. 
But it wasn't until last year, when he came across a maga- 
zine illustration of a hypersonic (faster than Mach 5) air- 
craft design, that Gibson suddenly made sense of the sharp 
triangular silhouette he saw. 

Analysts believe that Aurora is an operational spy plane 
that replaces the retired Lockheed SR-71 Blackbird. Like its 
predecessor, Aurora costs several million dollars per flight 
and is sent out only on missions where the plane's sensors _ 
can gather vital information unobtainable by satellite re- ijj 
connaissance or other means. g 

It's plausible that Aurora was used to photograph Iraq I 
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THE COMBINED-CYCLE RAMJET ENGINE 



LOW-SPEED OPERATION 



AIRFRAME 
COOUNG 



TURBINE AIR INLET 



LIQUID METHANE TANK 



TURBINE COMPRESSOR 



4> 



Unlike any single 
type of power plant, 
the combined-cycle 
engine can 
power an 
aircraft from 
a standstill 
to about Mach 6 
(4,400 mph) by using 
elements of a ramjet 
and a rocket. Stored as a liquid, the 
engine's cryogenic methane fuel ex- 
pands to a cold gas through a tur- 
bine-compressor that delivers high- 
pressure outside air and methane to 
rocket nozzles in the ramjet duct. At 
start-up, the mixture is ignited, causing a supercharging effect that 
draws more air through the duct. During idle, the low airflow rate in 
the large duct creates a cyclic buildup and release of pressure, pro- 
ducing the loud, low-pitched noises associated with Aurora. Adding 
liquid oxygen (LOX) to the rocket nozzles increases their exhaust ve- 
locity and draws more air through the ramjet, boosting thrust for take- 
off and acceleration. As ram-effect compression heating begins to oc- 
cur in the tapered duct, a fuel injector adds more methane, which 



HIGH-SPEED OPERATION 




RAMJET DUCT 

AIRH0\ 



combusts downstream of the rocket nozzles. Liquid methane cools 
the plane's airframe and engines as speed increases, densifying in- 
coming air and adding energy to the turbopump, which augments 
rocket thrust. LOX flow is gradually reduced to zero at about Mach 
2.5, as airflow into the ramjet increases. At higher speeds, the rockets 
are shut off and the nozzle strut retracted to reduce drag. Now fuel is 
delivered only through the injector, and the engine runs as a pure 
ramjet up to about Mach 6. — Bill Sweetman 
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THREE VIEWS OF AURORA 




during Operation Desert Storm in an attempt to provide 
tactical intelligence to ground-based military commanders. 
Aurora's unique capabilities also equip it for surveillance of 
nuclear proliferation. The list of nations of varying political 
complexions that covertly possess or are pursuing nuclear 
arms capabilities includes India, Iran, Iraq, Israel, North 
Korea, Pakistan, and South Africa. Surprise visits by a re- 
connaissance aircraft can give intelligence analysts clues; — 
such as the presence of military trucks at an ostensibly civil- 
ian plant — which wouldn't be left out in the open when a 
spy satellite is scheduled to make its pass overhead. 

Aurora overflights of Russia have probably not occurred. 
Such missions would violate an agreement in place since a 
Lockheed U-2 spy plane was shot down over the Soviet Union 
in 1960. It is likely, however, that Aurora monitors the subma- 
rine-building programs of Russia, China, and other nations 

from well outside their airspace using side-looking sensors. 




Huge exhaust nozzles (top) dominate Aurora's tail. Rectangular inlets 
| (midJe) feed air to the ramjet engines. The contoured underbody (bot- 
I torn) compresses incoming air and expands exhaust to produce thrust. 



Gibson's North Sea sighting completes a puzzle that 
has obsessed military-aircraft analysts for several 
years. Consider the following pieces of evidence hint- 
ing at the existence of something unacknowledged that flies 
high and fast: 

•In February 1990, the Air Force retired its SR-71 spy 
planes. The official reason was saving the $200 million to 
$300 million a year it cost to operate the fleet of Blackbirds. 
Reporters were told that the SR-71's role had been taken 
over by advanced spy satellites. 




TR-3A BLACK MANTA 

Somewhat bigger and much quieter than the F-11 7A stealth attack plane, a 
stealthy reconnaissance aircraft identified as the TR-3A may already be in ser- 
vice, according to a report by the Federation of American Scientists. The sub- 
sonic, unarmed Black Manta's likely role would be to loiter unobserved as far as 
100 miles from its target, taking pictures and conducting electronic eavesdrop- 
ping. Its mission is similar to that of the U-2R, a version of the veteran spy plane 
still in use, but the Black Manta's targets would probably be unaware of its pres- 
ence. A small fleet of Mantas (perhaps 20 to 30) may have been produced by 
Lockheed or Northrop. 
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The closely guarded Air Force test facility at Groom Lake in southern Nevada is shown in this 1992 photo, taken from a vantage point on public land about 14 
miles to the east. Visible are a section of the six-mile runway and, at right, a complex of large, low buildings similar to the B-2 bomber plant in Palmdale, 
Calif. In front of them are hangars that once housed CIA A - 1 2 spy planes. The secret base has doubled in size since it was photographed in 1 978. 



•The money saved was less than 7 percent of the approx- 5 
imately $4 billion the Air Force spends yearly on satellite 
reconnaissance — mere chicken feed by Pentagon standards. 
Keeping the SR-71s in reserve would have provided cheap 
insurance against an unlucky string of satellite and rocket 
failures, such as the ones that occurred in 1985-'86. 

• The Air Force actually discouraged congressional at- 
tempts to reverse this termination of its most glamorous 
aircraft mission. Never in its history had the flying service 
walked away from a manned mission without a fight. 

•The pace of activity at the Air Force's top-secret Groom 
Lake test site in the Nevada desert has increased dramati- 
cally in recent years, suggesting the presence there of one or 
more secret aircraft programs. By comparing recent photos 
of the base with ones taken in the late 1970s, it's apparent 
that several large new buildings were added during the 
1980s. Always visible in the recent pictures are a number of 
chartered Boeing 737 airliners that ferry workers in from 
other defense-industry towns such as Palmdale, Burbank, 
or Edwards in Southern California, or from Nellis Air Force 
Base in Nevada. 

• Since mid-1991, unexplained sonic booms have periodi- 
cally rattled Southern California. Officials at the United 
States Geological Survey, the agency that monitors earth- 
quake activity, no doubt irked the military with their public 
statements that a very fast, high-flying aircraft was causing 
the "airquakes" (see diagram, page 60 > registering on their 
array of seismographs. 

• The Federation of American Scientists, a private Wash- 
ington, D.C.-based policy group, issued a report late last 
year on the likelihood that unacknowledged military air- 
craft might exist (see Flying in the Government's Black 
World). The cautious review of unclassified literature on the 
subject concluded that several new types of aircraft may in- 
deed be covertly flying around. 

It is close to midnight, but all the clocks are set to 0730 
Greenwich time. In a closed and guarded hangar, ground 
crews help two men in orange pressure suits clamber into a 
delta-shaped, dull black airplane. 




Copyrighted material 




Observers in California's Mojave 
Desert have reported sighting a large air 
craft resembling both the SR-71 and the XB- 
70, a 1960 s Mach 3 bomber prototype. A flat 
area atop the plane's aft fuselage appears to serve 
as a mounting point for an unknown object — hence its 
nickname. "The Mother Ship." Piggyback payloads 
could include an air-launched satellite delivery vehicle, 
an antisatellite weapon, or a high-speed aircraft lacking / 
a low-speed propulsion system. A vehicle of this kind / 
could operate discreetly from inland sites, and fly to 
overwater areas before accelerating to maximum speed 
and launching its upper stages into orbit or ultra-high-al- 
titude flight. Engineers familiar with aircraft structure, 
aerodynamics, and stealth design assisted in develop- 
ing the drawing. 



The pilot touches keys that tell computers to start the en- 
gines. At first, the aircraft emits a subdued whine, which 
builds up quickly and is joined by the sound of rushing air. 
Then there is a flash of light from the intake and exhaust 
ducts as a wave of noise explodes, rolling harshly across the 
dry lake bed. Within the roar are the scream of small rockets, 
the crackling thunder of a huge fighter engine, and a mas- 
sive pulsing — as low as one cycle per second — that shakes 
the entire desert base. 

Gibson's sighting now makes it possible to reconstruct the 
Aurora program 's history. The spy plane was operational, or 
nearly so, by August 1989, just before the Air Force parked 
its SR-71s for the last time. Aurora would have made its 
first flight by 1986 at the latest, following a development ef- 
fort that was launched in 1981. 

This analysis elicited denials by high officials involved 
in defense and intelligence matters. Ohio Democratic Sen. 
John Glenn asserted that his sources in the intelligence 
community told him there was no such aircraft. "I think 
they're telling the truth," he said. 

Pete Williams, chief spokesman for the Bush administra- 



AURORA'S FLIGHT PATH 




An unidentified aircraft traveling across Southern California at Mach 3.1 on 
Jan. 30, 1992, jiggled U.S. Geological Survey seismographs with its sonic 
boom, different from that produced by the SR-71 or the space shuttle. The 
craft's boom "footprint" traces its flight path toward southern Nevada. 



tion's Secretary of Defense, Dick 
Cheney, gave a standard answer to 
a query about Aurora. "If there were 
such a program, we wouldn't discuss 
it." Williams explained that Pentagon 
policy says the same answer "must al- 
ways be given" to queries about secret 
programs — whether or not they actually 
exist — to avoid revealing the truth. Donald 
B. Rice, Bush's Secretary of the Air Force, 
stated: "There's no program in the Air Force, 
none anywhere else that I know of. It simply 
doesn't exist." To some observers the stridency 
of Rice's response was puzzling. Why didn't he 
simply utter the usual Pentagon disclaimer? 

j lack is the adjective most often applied to the 
.hidden world in which such engineering activ- 
ities unfold. In a 1985 Pentagon budget docu- 
ment requesting production funds for 1987, a cen- 
sor's slip let the line item "Aurora" appear, grouped 
with the SR-71 and U-2 programs. Even if Aurora actu- 
ally was the project's name at the time, it almost cer- 
tainly would have been changed after being thus compro- 
mised; "Senior Citizen" is one new label that has been 
reported. Rated by the Pentagon as an "unacknowledged 
special-access program," the plane's existence and real 
name are secret, and therefore deniable. 

Unconfirmed reports of Aurora's existence first surfaced 
in 1986, and Popular Science conjectured about the air- 
plane's likely design in the November 1988 issue. Now, 
fresh reports from secret-airplane hunters like James 
Goodall, who heard and felt bone-shaking sounds coming 
from the Groom Lake facility late in December, continue to 
flesh out the picture of Aurora and the technology that 
makes it work. 

Armed with patience and braced for the occasional con- 
frontation with no-nonsense security patrols, resolute ob- 
servers like Goodall trek through the harsh Nevada desert 
to a mountainside overlooking desiccated Groom Lake. 
From several miles away — as close as they can get without 
entering off-limits government land — the watchers can see 
the large air base with its motley collection of hangars. 
Some of the buildings are vast. 

Yet, like a mirage, the isolated facility with its six-mile 
runway doesn't exist — officially, that is. And its non-exis- 
tence is longstanding. A 1992 Lockheed Corp. paper on the 
early days of the U-2 program refers to flight-testing at 
Groom Lake 35 years ago as having occurred merely at "a re- 
mote location." 

For some, monitoring events on the dry lake bed pro- 




vides the excite- 
ment of pursuing a mys- 
tery. Author and photogra- 
pher Goodall, who has been 
chasing classified programs for almost 
30 years, is motivated by enthusiasm for 
aircraft and a conviction that he's entitled to 
know how his taxes are being spent. His earwitness ac- 
count indicates that the airplane's propulsion system is 
unconventional, to say the least. "We heard Aurora from 
18 miles away. The sound is so intense that you feel it. It 
was quite something else — a pulsing noise that you'll nev- 
er forget." 

The airplane begins rolling forward at half-past midnight, 
then accelerates and noses up into the sky like a hot fighter. 
Seconds later it is gone, trailing a shattering roar across the 
desert. In the cockpit, the pilot sees his course overlaid on a 
detailed map as the craft climbs through 60,000 feet at a 
steep 70-degree angle. Just minutes after takeoff, the plane is 
cruising northeast at six times the speed of sound, covering 
almost one mile per second. More than 20 miles above the 
ground, it passes unheard over Montana and North Dakota 
into Canadian airspace. 

Five thousand miles away, a loaded KC-135 tanker lifts 
heavily into the early morning sky from a secure air base in 
western Scotland. At a second base farther south, four F-lll 
crewmen walk toward their pair of aircraft. Only the crew 



and their base commander know this will not be a routine 

training flight. 



Aurora was almost certainly built by Lockheed's fabled 
Skunk Works, now called the Lockheed Advanced Devel- 
opment Co. Of all known design organizations, only the 
Skunk Works has the proven ability to manage large pro- 
grams incorporating breakthrough technology in total se- 
crecy. Analysis of Lockheed's financial statements makes it 
possible to estimate Aurora's price tag at about $1 billion 
per aircraft. At most, 10 to 20 of the new spy planes have 
been built. 

A hypersonic prototype paved the way for Aurora. In 
1975, Lockheed proposed a small hypersonic research 
aircraft that would be launched from the back of an 
early version of the SR-71. And a definitive survey of Lock- 
heed aircraft, published in 1982, stated that the company 
had already flown a Mach 6 experimental craft. 

By the late 1970s the U.S. government probably had two 
main reasons for going ahead with Aurora. The first: im- 
proved Soviet surface-to-air missile (SAM) systems posed 
an increasing threat to the SR-71, which flies at Mach 3.2 
(2,100 mph) and reaches altitudes above 80,000 feet. By 
1980, two potent new Soviet antiaircraft weapons, the SA- 
10 Grumble and the SA-12 Gladiator/Giant, were under de- 
velopment. Both have a maximum altitude of about 100,000 
feet and feature advanced tracking and guidance systems. 




FLYING IN THE GOVERNMENT'S BLACK WORLD 



The Pentagon's "black world" isn't a mirror- 
military running parallel to the familiar one. 
Rather, it is a submerged network of covert 
activities distributed throughout the armed 
services and other agencies. Its size can be 
gauged from unclassified Pentagon budget 
documents, which include accurate total fig- 
ures but conceal individual black programs 
by labeling them with code names or bury- 
ing them within other categories. 

This hidden ocean of funds for research, 
development, and production of secret 
equipment amounts to $16 billion of the 
Pentagon's $254 billion 1993 budget. When 
operations costs are included, the black 
budget's estimated annual total comes to a 
staggering $35 billion. 

New construction at the Air Force's secret 
Groom Lake test facility in Nevada, and the 
number of workers being flown to and from 
there in recent years, suggest that a decent 
chunk of this invisible money is being direct- 
ed toward several unacknowledged, large- 
scale aircraft or missile projects under way 
at the remote site. 

The Air Force has hidden major aircraft 
programs before on two occasions. A giant 
Lockheed airplane called the CL-400 was 
the U-2 spy plane's intended replacement. 
Code-named Suntan, the Mach 2.5 aircraft 
was to be powered by radical hydrogen- 
fueled engines. 

Lockheed had virtually completed the first 
four aircraft before Suntan was canceled in 
1 958 due to technical snags. The project cost 
$250 million in fat 1950's dollars. Not one 
word leaked out about Suntan until 20 years 
later, when Lockheed started talking about 
liquid hydrogen as a future aircraft fuel. 

Suntan was replaced by a CIA project for 
a Mach 3 spy plane called Oxcart. After 
Lockheed was selected to build the plane, it 
was renamed the A-12. It first flew in April 
1962 from Groom Lake, which was made 
into a fully equipped base supporting 
A-12 flight testing and 
the CIA's dozen oper- 
ational planes. 



The Air Force subsequently ordered 30 
SR-71 reconnaissance-strike aircraft derived 
from the A-12 prototype. The existence of 
the SR-71 was disclosed in a 1964 state- 
ment by President Lyndon Johnson. But the 
CIA's A-12s flew secretly until mid-1968, and 
they were not revealed to the public until 
1982. Through a combination of tight securi- 
ty and disinformation, the A-12 program was 
concealed for 23 years. Now ask yourself: 
Would your government lie to you? 

In "Mystery Aircraft," a report released last 
year, the Washington, D.C.-based Feder- 
ation of American Scientists (FAS) concluded 
that two or more types of secret airplanes are 
likely to exist. Based on an extensive analy- 
sis of unclassified Pentagon and corporate fi- 
nancial documents, technical papers, and a 
range of news reports, the study favors the 
view that some of the reported aircraft are 
prototypes, while at least one may be in regu- 
lar service. 

"It is probable that at least one high-speed, 
high-altitude experimental air vehicle is cur- 
rently undergoing flight tests," or may possi- 
bly have achieved operational status, the re- 
port states. The craft could be manned or 
unmanned, it notes, fitting either the general 
description of a Mach-4 to Mach-6 Aurora or 
a faster Mach-8 "exotic propulsion aircraft" 
using pulse-detonation or external-combus- 
tion technology to reach hypersonic cruise 
speed. 

The "doughnuts on a rope" exhaust con- 
trail ["Science Newsfront," Aug. '92] pho- 
tographed last year in Texas might be the 
product of a pulse-detonation type of en- 
gine, which combusts its fuel in intermittent 
bursts. An aircraft using external combus- 
tion at high speeds would fit the description 
of a vehicle dubbed 'The Pump- 
kin Seed" (see drawing). 

According to the FAS 
study, "There is also _ 
the possibility that the M 
SR-71 follow- m 




hidden in plain sight" within the National 
Aerospace Plane (NASP — also known as the 
X-30) project, which is aimed at developing 
an air-breathing hypersonic craft that can 
climb into tow-Earth orbit from a runway in a 
single stage. Knowledge about propulsion 
and high-temperature structures gained in the 
NASP program may have proven applicable 
to a Mach 6 to Mach 8 aircraft now flying. 

As many as a few dozen examples of a 
subsonic stealthy reconnaissance aircraft 
called the TR-3A or "Black Manta," probably 
built by Lockheed, may currently be in pro- 
duction or operational, the FAS analysts 
say. 

Finally, it is highly probable that some one- 
or two-of-a-kind stealth aircraft prototypes 
exist, the study concludes. Such aircraft 
would be built to test concepts intended for 
the B-2 bomber, the TR-3A, the Navy's can- 
celed A-12 stealth attack plane (no relation 
to the SR-71 's predecessor), or other air- 
craft. These planes could account for the 
number of different mysterious aircraft de- 
scribed in sighting reports. 

Putting aside the romance of sifting clues 
about secret airplanes possessing won- 
drous characteristics, the authors of the FAS 
report raise a broader fundamental question: 
With the Cold War behind us, what* s the ef- 
fect of continuing to support such vast and 
costly secret defense activities? 

The hard-nosed answer is provocative: 
"Secrecy tends to obstruct technological de- 
velopment by inhibiting communication of 
useful information, increasing costs, gener- 
ating public mistrust, and all too often pro- 
moting fraud and abuse," the study says. "It 
is being used to protect controversial pro- 
grams from public awareness, more than 
from hostile intelligence services." 

Recent major examples of secrecy mask- 
ing incompetence include the B-2 stealth 
bomber program, which has been shot 
through with cost overruns and performance 
shortcomings, and the disgraced Navy A-12 
program, which was killed after billions of 
dollars of misguided expenditures. 

The sentiment expressed by FAS is 
gathering broad support in 
Congress and elsewhere. Its 
message to the Pentagon is 
this: Unjustified secrecy is anti-democratic. 
— Bill Sweetman and Stuart F. Brown 

Black, fast, and retired. The military 
insists there's no successor to the SR-71. 



The second reason for building Aurora was that satel- 
lites alone are not the best solution to reconnaissance re- 
quirements. While they take superb pictures, satellites also 
have inherent limitations. They follow fixed, predictable or- 
bits, which make their appearance no surprise to a shrewd 
adversary. Although earthbound controllers can command 
satellites to fire thrusters to adjust their orbits, this ability 
is strictly limited by a finite on-board fuel supply. In addi- 
tion, because it is difficult to supply the amount of power 
needed to operate an all-weather radar, most satellites car- 
ry only daylight or low-light cameras. 

Although they cost several hundred million dollars 
apiece, spy satellites last, on average, only five years be- 
fore they are dumped into the atmosphere and replaced. 
And it is difficult to increase surveillance quickly in a 
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crisis unless a stockpile of reserve satellites and launch- 
ers is kept ready — as the former Soviet Union once did. 

Aircraft are much more flexible. They can be dispatched 
exactly where and when they are needed, and they can be 
fitted with day, night, or bad-weather sensors, depending on 
conditions in the target area. 

During the hour it takes to reach the initial point for descent, 
the pilot and reconnaissance systems officer (RSO) in the 
backseat are fully occupied with checking equipment to see 
how it operates in the 1,000°F friction heat soaking into 
their aircraft's structure. On the way down, the flight profile 
is computer-controlled — a delicate balance between speed, 
altitude, and deceleration rate. 

Over the North Sea, the tanker and the F-llls gather into 





a loose formation and follow a racetrack pattern. Appearing 
suddenly, the black jet turns in behind the KC-135 and con- 
nects with its refueling boom, wavering a little while match- 
ing the tanker's low speed. During the next ten minutes, 40 
tons of liquid methane flow into the spy plane before it turns 
away and hurtles skyward. Already, another loaded 
methane tanker and two more F-llls are preparing to de- 
part their bases in Britain. 

An analysis of Aurora's three-dimensional shape can be 
extrapolated from its 75-degree swept triangular outline. 
The aircraft corresponds almost exactly in form and size 
to hypersonic reconnaissance aircraft studied in the 1970s 
and 1980s by McDonnell Douglas, according to Paul 
Czysz, now a professor of aerospace engineering at St. 
Louis University. 

Czysz worked on hypersonics while at McDonnell Dou- 
glas, including the company's proposal for the National 
Aerospace Plane program [*X-30: Out of This World in a 
Scramjet," Nov. '91], and is an acknowledged expert in the 
field. Efficient hypersonic planes "are basically air-breath- 
ing propulsion systems," he says. 



L 



ike the SR-71, Aurora has a crew of two. Flying it is 
quite unlike piloting a conventional aircraft. There is lit- 
Itle if any outside view, because a normally angled wind- 
shield causes too much drag and gets too hot. For these rea- 
sons, Aurora may have a retractable windshield used only 
for takeoffs and landings; at other times, the windshield 
would be covered by a heat shield. 
Aurora's pilot is really a mission manager, monitoring the 



aircraft and its systems and following the course of the 
flight on large-format video displays. His or her most im- 
portant function is to cope with the unexpected: shifts in 
upper-atmospheric temperature, weather developments 
over the target area or refueling zone, or problems with the 
plane's mechanical or electronic systems. 

The RSO supervises a battery of sensors. The most im- 
portant is a synthetic-aperture radar (SAR), a side-looking 
instrument that takes a sequence of snapshots of the target 
as the aircraft moves and compiles them into a single radar 
image that is as sharp as if it had been acquired using an 
antenna hundreds of feet wide. The best SAR images are 
classified, but have been described as "near-photographic," 
allowing different types of land vehicles to be easily distin- 
guished from more than 100 miles away, regardless of 
clouds or smoke. 

In clear weather, Aurora uses daylight and infrared cam- 
eras for ultra-detailed work. And unlike a satellite, the craft 
can be scheduled to make its reconnaissance passes at the 
golden hour for covert imaging: early morning, when the low 
sun provides even illumination and long shadows that high- 
light features on the ground, before heat-induced haze forms. 

A phased-array antenna built into Aurora's upper sur- 
face — near the tail end, where aerodynamic heating is min- 
imal — allows the airplane to transmit real-time or near- 
real-time imagery to the Pentagon's satellite network. 

In a Middle Eastern country, a bored radar operator in an 
underground shelter fails to notice a faint blip on one edge 
of his screen. The system's computer can't make sense of 

[Continued on page 98] 




PUMPKIN SEED 




Reports of a brightly glowing aircraft moving 
very rapidly across the night desert sky at high alti 
tudes may be attributed to the use of external com 
bustion. The exotic hypersonic propulsion method in- 
volves igniting fuel released from ports girdling the 
plane's flattened, diamond-shaped body. Exhaust expands 
in the conical area defined by its shock wave to produce 
thrust. Turbojets provide propulsion at low speeds. Here, an ex- 
otic propulsion demonstrator is seen as it transitions from a 
jet-type accelerator to external-burning power. In theory, control at 
high speeds could be provided by modulating the fuel flow to the 
propelling nozzles. This aircraft may be unpiloted. 
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Beauty is only skin deep. 
Great engineering, however, 
goes all the way to the 



Chevrolet 
Lumina Euro 
Sedan 

Admiring the Lumina's 
clean, angular shape doesn't 
make you a shallow person. 
But to discover its real 
beauty wed suggest a more 
thorough investigation. 

Start at the bottom. 

Developing the Lumina's 
4-wheel independent 
suspension package was a 



real trip: 100,000 miles' worth, 
to be exact. Along the way, 
more than 150 different sus- 
pension setups were evaluated. 



pavement. 



It's no coincidence that the 
one we finally selected is 
the one that lets you make 
the most of Lumina Euro's 
smooth yet powerful 3.1 
Liter V6 engine. 



Rigid unibody 
construction means 
your senses will be 
stirred, not shaken. 

The road of life is strewn 
with potholes. (Not to men- 




tion bad patch jobs and 
crumbling asphalt.) Fortu- 
nately the engineers who 
designed Lumina took 
this into account. Its stiff 
steel unibody works in 
tandem with the suspen- 
sion to reduce body flex, 
for handling that's precise 
and predictable no matter 
how 




inhospitable the pavement 
beneath you may turn. 



All the conveniences 
of home. And nearly 
as much room. 

A comfortable place 
to sit. Plush carpet 
underfoot. Good 
music on 
the stereo. 
A place for 
your coffee mug 
And plenty of room to 
spread out. And why not 
invite a few 
close friends 
to join you? 
After all, Lumina has more 
interior space than Accord, 




Camry or even Taurus. 
So let the Lumina's good 
looks turn your head. 
However, be forewarned: 
this is one automobile 
that's engineered for a 
long lasting relationship. 
Then again, what else 
would you expect from 
the Heartbeat of America? 




The Heartbeat 
of America" 



hevrolct, the Chevrolet Emblem and Lumina art- registered trademarks of the GM <:<>rp r 1992 < IM ( orp All Right?. Reserved Km klc up. America! [jg 




It saves energy and the 
environment, has state- 
of-the-art electronics, 
facilities for the 
handicapped, and more. 
BY MICHAEL MORRIS 



Picture a home where your 
kids don't argue about hav- 
ing to do homework, but in- 
stead complain about not 
being allowed to spend 
more time on it; where, at 
the touch of a button, they 
can view and access as 
much information as at the local li- 
brary; where the family room is also a 
media center that's able to share its 
audio and video throughout the 
house — and where your hand-held re- 
mote control can adjust not only the 




The serene Mediterranean styling of this compact villa houses some of the 
most technologically advanced home-building products available today. 
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WHOLE-HOUSE 
AUDIO-VIDEO 
DISTRIBUTION SYSTEM \ 
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TV and stereo, but also the lights, residential construction? If the an- home-automation and entertainment 
heating and cooling, door locks, and swer is yes, then it must be the New systems was another. But the overall 
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Now picture that the home 
with recycled materials, and 

conserves heat and air-conditioning and greatest home-related products, the special needs many families have, 
so its energy costs are reduced to an materials, methods, trends, and de- such as in this home's handicapped- 
absolute minimum. Picture that it signs — and a barometer of sorts for accessible ground-floor bedroom suite 
lets you program or reprogram every current homeowner lifestyles in this (see Accessibility in the Bath). 



functioning part of it anytime you country — opened its doors in February 
want — from your favorite chair or on for the annual convention of the Na- 
a phone away from home 



tional Association of Home Builders in 



Is this the "dream home" we have Las Vegas. 



R 



educing the home's impact on 
the environment was perhaps 
easiest to achieve, given the ev- 



been awaiting for so long? Is this what The judicious use of natural re- er-increasing supply of available 

our accumulated technology and man- sources was a major theme in this products. Leah Bryant, vice president 

ufacturing progress to date can do for year's home; advanced electronics in and regional manager for builder 
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ACCESSIBILITY IN THE BATH 



In the spirit of the 1990 Americans with 
Disabilities Act, this year's New American 
Home includes a ground-floor bedroom and 
bath suite designed to meet the needs of a 
handicapped resident. Although private 
homes do not have to conform to the provi- 
sions of the act, such a suite could be used 
for aging family members or a disabled child. 

Passageways wide enough for wheel- 
chairs or walkers and lever door handles are 
fine for bedrooms, but creating bathrooms 
suitable for special needs is more 
difficult — or has been, until now. To meet the 
demand for appliances and fixtures for the 
disabled, manufacturers have introduced 
products that conform to requirements of the 
act and the American National Standards 
Institute. Many of these offer features and 
styling that will appeal to nonhandicapped 
homeowners as well. 




J 



J 
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A door enables easy access to the bathtub. The sink juts out for wheelchair users. 



In the suite, the Kohler accessible bath fix- 
tures include a high-pedestal toilet for easier 
seating and rising, a sink that extends for- 
ward of the counter and has an offset drain to 
allow wheelchair access beneath it, and a 
bath-whirlpool tub with a watertight side door 



for easy entry. A folding seat for bathing or 
showering is built into the tub. The toilet's 
siphon-jet flushing system consumes just 1 .5 
gallons of water with each use. Scald-proof 
pressure-balancing faucets add to the room's 
safety features. — M. M. 





Lewis Homes of Nevada, adds that 
because buyers today are concerned 
with such issues as recycling and air 
and water quality, conservation is al- 
so a good selling point. "We do feel a 
need to put more products into our 
homes that are environmentally com- 
patible," she says. 

Many of the basic building compo- 
nents use innovative recycled materi- 
als. All of the home's wall studs, for ex- 
ample, are engineered 2x4s made from 
short lengths of wood that would for- 
merly have been discarded as scrap. 
These pieces are reconstituted — finger- 
jointed and glued together — to create 



studs that are as structurally strong as 
common lumber, and in some ways su- 
perior. Typically, construction lumber 
contains defects, and wood in its natu- 
ral state is prone to splitting or warp- 
ing. Makers of engineered lumber have 
eliminated most defects. 

Steve Winn, project superintendent 
for Lewis Homes, was impressed with 
the wood's performance. "We typically 
send our best carpenter back into a 
house before the drywall goes up to 
straighten out any framing or replace 
bent or warped studs where neces- 
sary," explains Winn. "This usually 
takes about two days, but these studs 



were so straight our guy was out of £ 

the house in just a couple of hours." | 
Louisiana-Pacific Corp., which man- 1 
ufactures the engineered studs, also & 
provided the Nature Guard insulation f 
in the home. The company claims this I 
blown-in cellulose product, made of 
nontoxic flame-retardant-treated 
waste newsprint, offers the maximum 
resistance to heat loss among all 
loose-fill insulation products, with an 
R-value of 3.8 per inch. 

To increase the effectiveness of the 
insulation, the house was enclosed 
with Thermax Blackore sheathing 
from Celotex. This foil-faced fiber-re- 
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inforced board contains carbon black, 
a material that reduces heat transfer 
through the board's polyisocyanurate 
foam core. With an R-value of 6.5 at 
its S/ 4-inch thickness, Thermax 
Blackore claims the highest rating of 
any insulated sheathing product. The 
home's Cor-A-Vent ridge vent is the 
first designed for the barrel-tile roofs 
prevalent in the Southwest. 

Energy -conservation measures ex- 
tend to the choice of exterior doors 
and windows. To defend against the 



extremely hot southern Nevada sun- 
light, all of the Andersen windows and 
hinged and gliding patio doors were 
installed with argon-filled double- 
pane High-Performance Sun Glass. 
An improved metallic-oxide coating 
between the panes offers superior re- 
sistance to reflected sunlight. The 
low-emissivity glazing also helps re- 
tain interior heat during cold weather. 
Nassau Bahama Sunshades installed 
around the house also cut down the 
sunlight reaching the windows. These 
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adjustable aluminum louvers from 
Folding Shutter Corp. shade the glass 
when the sun is high, but don't im- 
pede light, ventilation, or view. 

To complete the home's envelope, 
the exterior doors — including Pease 
Industries' Ever-Strait entry doors 
and Stanley Autograph garage doors 
— are all steel insulated with foam. 
The garage doors also have automatic 
openers with noncontact-reversing 
safety protection, now required by 
building codes nationwide; the closing 
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SOUND EFFEC1 



COMPUTER WITH CD-ROM 




The family room serves as Media 
Central in the 1 993 New American 
Home, thanks to an Elan HD au- 
dio-video distribution wiring net- 
work. With this system, sound and 
television signals, including laser 
disc or recorded video, can be 
routed to any room in the house. 
Infrared repeaters in other rooms 
enable residents to control the sys- 
tem using hand-held remotes. This 
entertainment center, by Philips 
Consumer Electronics through 
Sears Contract Sales, includes: a 
46-inch Wallvision2 rear-projection 
TV, a CD-I player incorporating 
Kodak-CD technology for televi- 
sion viewing of photographs and 
slides, a laser-disc video and hi-fi 
VCR, a dual-cassette deck, a five- 



L 




The home media center has a 46-inch TV. 

disc CD changer, and the latest in 
audiotech: a digital compact cas- 
sette (DCC) deck. Unlike a com- 
pact disc, DCC allows for digital 
recording from any audio source. 
— M. M. 
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doors will reverse if a person or object 
is standing in the path of its infrared 
beam:;»"v7-|.; 

Innovation and environmental con- 
cerns extend to the interior of the 
home as well. Syndecrete, a limestone- 
like material that incorporates up to 
40 percent industrial and consumer 
waste, is used for the fireplace hearth 
in the living room. This product mixes 
cement, carpet fibers, and fly ash with 
aggregates of virtually any inert sub- 
stance — from shredded plastic toys to 



brass hardware shavings — to create 
solid blocks or slabs of near-limitless 
colors and designs. 

* Recycled rubber from automobile 
tires and other sources is the base for 
another new material, FlexTech, used 
on the home's outdoor decks. The re- 
silient water-resistant covering from 
Bomanite Corp. is made from finely 
chopped rubber granules and resins 
that are mixed on-site and troweled in 
place by local contractors. 
In some cases, cost helped deter- 



mine the choice of materials. The 
Oak-Over moldings from Contact that 
were used throughout the interior, for 
example, have hardwood veneers lam- 
inated over a base of common soft- 
wood. These moldings look like solid 
oak but cost less and perform better 
than the real thing — they don't split 
when nailed, are consistent in size 
and shape, and are available in longer 
lengths. 

Other items in the home that help 
[Continued from page 102] 
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"The 
salesman 




starts talking 

resale value. I said, 
'Buddy I'm gonna 
drive this truck 
into the ground.'" 



Buying a pickup is less a decision you make than a turning point you choose. It becomes hard to 
imagine getting along without your truck - and harder still, parting with it. Resale value ? You don't 
even think about resale value. 

But the 90 years of accumulated strengths that make a GMC Sierra your fast friend - the strength, 
the power, the comfort and reliability year after year - are the same strengths that, for eight years 
running, have made Sierra more valuable at resale than any other truck in its class* If you choose to 
part with your Sierra someday, you'll find others willing to put as high a premium on it as you do. 

Call 1-800-GMC-TRUCK U -800-462-8782} for a Sierra catalog. From the company that understands 
that resale isn't as much about cash as it is about value. „ „_ 

GIW2GMCarp All Rights Reserved, t at ! OKI jjjfe 

GMCGMCTruckandSieiraareregisteredlrademarksofGeneralMototsCotp. Buckleup Ametica' — JlM. ^m*. 

'Based on combined averageof MSRP of 3-. 4- and 5-year^ld comparably equipped vehicles as compared ^ W "* CTDCXVTU nc rVtHTDTCVnT 

to auction pi ices reported in 1085-92 Unuary issues of Notional Automotive Research Bhck Book i fit J 1 tvhJNu 1 II Ur hArhtvlhrxLh 



Before human beings took 
to space, everyone worried 
about weightlessness. 
What would happen to the 
body — and to the psy- 
che — without the comfort- 
ing force of gravity? Would 
that dropping-elevator 
sensation, stretched over days or 
weeks, cause perpetual panic? 

Well, it didn't. Weightlessness, space 
crews found, was bothersome, but you 
got used to it. Those who suffered from 
space motion-sickness — two-thirds of 
astronauts typically do on their first 
flight — simply lived with the nausea. 

But now that the United States is 
committed to building space station 



Freedom and to landing men and 
women on Mars, planners are begin- 
ning to worry again. The human 
body, it now appears, adapts only 
too quickly to microgravity — the 
extremely weak gravity experi- 
enced aboard spacecraft. (Astro- 
nauts don't actually experience 
zero-g.) 

Scientists are concerned about 
what kind of shape astronauts will 
be in when they step out of then- 
space capsule after a long trip to 
Mars, not to mention what will hap- 
pen when they return to Earth. "No- 
body has the foggiest idea of the effect 
of [microgravity] for extended periods," 
says Joe Sharp, director of research at 



Astronaut Linda M. Godwin balances fellow i 
member Jerry L Ross on her finger during 
a flight of the space shuttle Atlantis. 
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NASA's Ames Research Laboratory at 
Moffett Field, Calif. And if astronauts 
go to Mars without that knowledge? 
"We may kill a few on the way, and we 
may get some wet noodles back." 
During 30 years of spaceflight, 
American astro- 



nauts have logged more than 50,000 
hours in space. Yet, until recently, 
NASA devoted only a tiny fraction of 
its budget to studying microgravity's 
biological effects. "Significant unan- 
swered questions exist," said a Nation- 
al Research Council report issued in 
1990. "It has not been demonstrated 
that, after long-duration space flight, 
individuals can readjust rapidly to 
gravity without serious physio- 
logical consequences." 



Yet NASA is forging ahead with 
plans to send astronauts to a $30 bil- 
lion space station for six months at a 
time; construction will begin in the 
late '90s. And in the early 21st 
century, NASA expects to send astro- 
nauts to Mars — a trip that will take a 
minimum of eight months each way. 
Americans have never before spent 
that amount of time in space; the 
longest stay is a Skylab mission that 
began in 1973 and lasted 84 days. 

Russian cosmonauts have stayed up 
for longer periods. Sergei Krikalev, the 
cosmonaut trapped in space last year 
by the political and economic up- 
heaval in his country, spent 
313 days in the Mir 




ithout gravity, the spine temporarily stretches, 
causing backaches. Many astronauts 
come home from space missions taller 
than they left— gaining as much as 2.76 inches. 




space station. But he failed to break a 
world's record set by two fellow cosmo- 
nauts, who blasted off in 1987 and re- 
turned 366 days later. Yet, like the 
Americans, the Russians know sur- 
prisingly little about microgravity. 

In the past year or two, however, the 
life-science database for space, sparse 
for so long, has begun to build. Astro- 
nauts on the first Spacelab Life Sci- 
ences mission (SLS-1) spent nine days 
performing experiments on each other 
in June 1991. Microgravity research 
last year got off to a walloping start 
with the January 1992 flight of the 
first International Microgravity Labo- 
ratory (IML-1). It carried scores of ex- 
periments, representing the work of 
some 200 scientists from 16 countries. 

Projects aboard IML-1 involved ev- 
erything from finding out the best way 
to make an astronaut sick (using a 
spinning, computer-controlled chair 
while tracking eye movements) to com- 
paring the growth of tiny oat plants in 
microgravity and in an on-board cen- 
trifuge (data essential for space agri- 



culture). Researchers looked at the ef- 
fects of microgravity on the tissues of 
humans, mice, frogs, carrots, and 
slime mold, as well as the sperm of the 
African clawed frog. And they observed 
the reaction of the inner ear when its 
blindfolded owner, strapped to a slid- 
ing mini-sled, had electric shocks ap- 
plied to the leg by a colleague. 

Last summer, the United States 
launched another microgravity lab- 
oratory during the longest shuttle 
mission to date — 14 days. Astronauts 
aboard the first U.S. Microgravity Lab- 
oratory (USML-1) conducted medical 
experiments, grew crystals, and stud- 
ied the behavior of weightless fluids. 

And in September, Japanese life-sci- 
ence microgravity experiments took 
flight on Spacelab J. This mission's 
crew studied the gravity-sensing or- 
gans of koi fish, measured muscle and 
bone loss with magnetic resonance 
imaging, and used biofeedback to ward 
off motion sickness. 
Results from these missions are be- 





Mission specialists N. Jan Davis (left) and Mae C Jemison prepare to deploy an inflatable device that 
seals around an astronaut's waist, drawing blood and other fluids to the lower body. 



ginning to appear. It's a fitting start 
— though a little tardy — for what some 
space enthusiasts are calling the 
Decade of Microgravity. 
Researchers have already learned 
that human bodies, like the 
space station itself, break 
down quickly in space. The 
sort of physical deterioration 
that, on Earth, 
occurs after 
months of bed 
rest can take place within hours 
of entering microgravity. Worse 
yet, some of the changes may 
not be completely reversible. 
People have depended on 
gravity for a couple of mil- 
lion years, and if you take 
it away, dire things can happen. Here 
are some of the most serious: 

• Muscle- Wasting. In microgravity, 
muscles atrophy. During the nine-day 
SLS-1 mission in 1991, both humans 
and rats lost about 25 percent of the 
mass of major weight-bearing muscles, 
such as the thighs and calves. Only 
half of the lost muscle mass returned 
in the nine days after the astronauts 
landed. "This experiment has verified 
that muscles that support the body 
when we walk around on Earth 
change their nature in space because 
they are not needed," says Dr. Kenneth 
M. Baldwin, an exercise and muscle 
physiologist from the College of 
Medicine at the University of Califor- 
nia at Irvine. 

Exercise helps, but not much; astro- 
nauts who exercise vigorously in space 
still lose 10 to 15 percent of their 
strength over three months. Says 
space physiologist Danny Riley of the 
Medical College of Wisconsin: "Either 
it isn't the right type of exercise, or 
there's some pathology that causes 
muscle shrinkage and weakness that 
we don't know about." 

• Bone Brittleness. In studies on 
rats, bones break more easily during 
spaceflight and take longer to heal. 
The reason: demineralization, or calci- 
um loss. 

A human being in microgravity 
doesn't need huge leg bones for sup- 
port, so the body responds by discard- 
ing calcium at the rate of 0.3 to 0.4 per- 
cent a month. Heel-bone loss is more 
severe, about 5 percent a month. "On 
Earth, we call this osteoporosis," 
NASA administrator Daniel S. Goldin 
said in remarks before the National 
Space Club last year. 

Eventually the bone loss reaches a 
state in which too little foundation 
bone remains to form a matrix for new 
bone to build upon. Some scientists 
view reduced bone density as the ma- 
jor medical deterrent to long-term 
spaceflight. They remain haunted by 
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those photos of long-flying Soviet cos- 
monauts carried from spacecraft on 
stretchers, their bones and muscles too 
weak to hold them upright. 

A class of drugs used experimental- 
ly to treat osteoporosis may help 
solve the problem. Scientists at Ohio 
State University have demonstrat- 
ed that one of these drugs, called 
aminohydroxybutane biphospho- 
nate, can prevent bone loss in rats 
under conditions of simulated 
weightlessness. 

• Cardiac Arrhythmia. In 1987, 
the flight of cosmonaut Aleksandr 
Laveikin was cut short because his 
heart began to beat erratically dur- 
ing exercises. Americans on both 
Apollo 15 and Skylab 2 also devel- 
oped mild arrhythmia. Why? No- 
body knows. Perhaps it's caused by 
an electrolyte imbalance, hormone 
shifts, or fluid-volume changes. 

• Heart Shrinkage. In space, 
the heart has an easy life — no 
strenuous exercise to make it 
pump with vigor, no gravity to 
work against. Result: Its muscles 
relax, slow, and shrink. The left 
ventricles of two Skylab 4 crew 
members, who orbited for 84 days, 
lost nearly one-tenth of their size. 

So far, heart shrinkage has 
caused little concern. If the result 
is simply fluid loss, it's no big deal; 
the fluid is replaced within a 
month or two of returning to 
Earth. 

But Houston's Baylor College of 
Medicine cell biologist Margaret Gold- 
stein is not so sanguine. When, 
through an electron microscope, she 
looked at cells from rats that had re- 
mained in orbit 14 days, she saw a no- 
ticeable loss of tiny muscle fibers 
called myofibrils, resulting in reduced 
cell size. "At some point the cells can 
get so small they can't function, and 
then they die," she says. "That's dan- 
gerous. Other muscles can repair 
themselves, but those of the heart 
haven't that ability." 

• Blood-Pressure Fluctuations. 
Spaceflight can impair the body's 
blood-pressure-regulating reflex, caus- 
ing changes similar to those that occur 
in Earth-bound people before they 
have heart attacks. 

To study this reflex, Dr. Francis An- 
drew Gaffney, a payload specialist on 
the SLS-1 mission, flew with a 
catheter inserted into a vein in his 
arm. A sensor threaded through his 
blood vessels measured blood-pressure 
changes in the large veins near his 
heart during the first four hours of the 
flight — including the transition to 
weightlessness that occurred nine 
minutes after liftoff. Gaffney experi- 
enced a much more rapid drop in cen- 



LOPING ON MARS 



Near the center of Hangar 21 0 at NASA's Ames Research Center squats a 5,000-gallon 
vat of 85.5°F water. Inside the tank is Dava Newman's underwater treadmill, and with it 
she has concluded some fascinating things about getting around on Mars. For example: 
The best gait is a lope. 

Newman is searching for basic data on how human movement and energy consumption 
will differ in reduced gravity. The data will help in the design of space suits, in astronaut 

training, and even in habitat design. 

Newman is only 28 years old, but 
she probably knows as much as any- 
one on Earth about Mars-walking. She 
studied aerospace engineering, then 
earned master's degrees in aero- 
nautics/astronautics and space policy. 
And now she's closing in on a doctoral 
degree in aerospace biomedical engi- 
neering from the Massachusetts Insti- 
tute of Technology. Impressive. 

So is her machine. She got the idea 
when she heard about the $6 million 
NASA tank, called the Neutral Buoy- 
ancy Test Facility, built primarily for 
testing space suits. (Two old moon- 
suits stand guard today beside the 
vat — empty, stiff, and vaguely menac- 
ing, like last year's cicada skins.) New- 
man was awarded a fellowship that al- 
lowed her to design the treadmill, and 
for the past four years she has been 
plopping scuba divers into the tank for 
workouts. 

Her most surprising finding is that 
getting around on Mars will probably 
be easier than on the moon. With one- 
sixth the gravity of Earth, the moon re- 
I quires an astronaut to expend energy 
ft maintaining balance. But Mars, with 
«j one-third of Earth's gravity, exerts a 
I gentle downward tug that provides 
§ traction and stability. 

"On the treadmill, Mars is the most 
comfortable [gravity] level," says New- 
man. "At lunar gravity, subjects tend to 
flail around a bit and take uncoordinat- 
ed steps." Most subjects, in fact, use less oxygen at martian gravity than at Earth's higher 
gravity. That means smaller air tanks for space suits, altered thermal controls, and less 
fatigue. And the loping gait means redesigned space-suit joints. 

Another thing that Newman is looking for is what she calls the "g" threshold: "In a shut- 
tle's microgravity, we use our small muscles — primarily our arms — to move around. But in 
Earth gravity we use our legs. What is the crossover point when we become terrestrial? 
When does it become more efficient to start walking?" Answers will come with the next 
test series. 

After producing a scuba certificate, updating my pilot's physical, and reading a 48-page 
safety manual, I stood in the chilly air of the open hangar while Newman and her team 
prepared me for a plunge into the tank. A face mask would provide air pumped down 
from the surface. It would also suck up expelled air, monitoring it for oxygen intake and 
carbon dioxide exhalation. A harness held weights, 60 pounds of them, strategically 
placed at my body's balance points, adjusted to mimic underwater the gravity of Mars. A 
wireless vest pressed electrodes to my chest. They would pick up my heartbeat, storing 
signals that would later be transferred to a computer. 

In the tank, beneath the treadmill belt, four load cells would measure my footfalls. 
Meanwhile, a video camera would record the paths of reflectors stuck to my left arm, leg, 
and side. Later, all the data would be combined to produce a stick figure on Newman's 
screen, trotting along with my personal gait. 

Submerged and standing on a moving belt, I found myself relearning what I knew about 
walking. Newman watched through a window, controlling the treadmill's speed. "How ya' 
doing?" she asked in my headphones. "You OK?" 

Sure I was. I walked comfortably at a 1 .5-mph pace, but somehow I had lost weight, 
and the water resistance seemed like a heavy wind. Newman gradually increased the 
speed, until at about 3.4 mph I started loping. I took longer and longer strides, sailing over 
the martian plains, leaping graceful as a gazelle over imagined boulders, settling easily 
into a speed of 5 mph or so. 

I looked through the window at Newman. She was scowling and pulling her head- 
phones away from her ears — and I realized I was laughing loudly into my mike. And look- 
ing forward to trying out the technique on Mars. — R. G. 




Walking underwater while wearing weights, the 
author experiences the reduced gravity of Mars. 
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ithin hours of liftoff, blood accumulates 




in an astronaut's head, neck, and torso. The body 
perceives this as an increase in blood volume and responds by 
destroying up to 1 6 percent of the blood. 




iv^rl 



tral blood pressure than was predicted 
by researcbers. 

• Body-Fluid Shifts. On Earth, 
blood tends to pool in the lower torso 
and legs. In space, it spreads out, mov- 
ing toward the upper body, puffing the 
face and sometimes stressing the 
heart. Another effect: loss of fluid 
through urination, because pressure- 
monitoring sensors in chest arteries 



note a surplus of fluid and shunt it 
away. Blood volume drops within 
hours of takeoff — up to a tenth the 
first day. Dehydration results. 

So far, no negative effects from fluid 
shifts have appeared in space; but 
back on Earth, astronauts often suffer 
from dizziness and fainting when they 
stand up to walk. Drinking salt solu- 
tions and wearing pressurized anti- 



gravity suits during atmospheric 
reentry somewhat alleviate 
this effect. 

Another possi- 
ble solution to 
the problem of blood-pooling 
was tested on the USML-1 
mission last June. The Low- 
er Body Negative Pressure (LB- 
NP) device is an inflatable cylin- 
der that seals around an astronaut's 
waist. A vacuum gradually decreases 
pressure in the LBNP unit, drawing 
fluids to the lower body. 

•Kidney Filtration. The filtration 
rate increases, while plasma flow de- 
creases. That may be a formula, says 
Dr. Carolyn Leacb-Huntoon of NASA's 
Johnson Space Center, for kidney 
stones. 

•Blood-Cell Changes. Hemoglobin 
(red-cell) counts can drop by a third as 
a result of reduced bone-marrow pro- 
duction, causing a condition known as 
"space anemia." Also, the cells them- 



TALES CHAMELEON SKIN CAN TELL 



While space shuttle experiments get all the attention, unmanned 
rockets are now routinely — and cheaply — lifting research projects 
into space for short-term microgravity research. A typical experi- 
ment begins at 1 :23 a.m. on Nov. 16, 1991 , at the White Sands Mis- 
sile Range in New Mexico. Len Epp— a tall, thin, pigment-cell biolo- 
gy specialist at Mount Union College in Alliance, Ohio — 
methodically snips chameleon skin into one-eighth-inch squares. 
Using tweezers, he drops each square into a milky-plastic vial 
shaped like an inverted T. 

In a few hours his experiment will blast aloft on 
NASA's Consort 4 sounding rocket. Then he'll 
know. 

The plastic vials are lined up on a Penn State 
BioModule, a robotic minilab developed by a scien- 
tist at the university's Center for Cell Research 
— one of NASA's centers devoted to the commer- 
cial development of space. The BioModule, smaller 
than a brick, automatically mixes fluids at preset in- 
tervals. It's the only space-going device, says Epp, 
that can release two separate fluids into a third. 

The lizard bits will float in one solution, will be 
flooded with a second liquid during the microgravi- 
ty phase of the flight, and then, still weightless, will 
be fixed with a third fluid. 

Working on the BioModule with Epp is Elaine 
Kunze, a senior research aide at Penn State. 
Wearing a pair of silver earrings shaped like 
chameleons, she gently stuffs the slender necks of 
the vials with balls of glass wool the size of pepper- 
corns. Soon she'll top off the solution and squeeze 
on the stoppers. 

• 1:52 a.m.: Kunze and Epp hand the minilab to Roy Hammer- 
stedt, the biochemist who designed it. He finishes the assembly, 
tests it, and at 3:07 a.m. passes it to NASA technicians to be 
loaded into the rocket. 

The question that the chameleon skins may answer is this: Do 
some sub-cellular biological processes stop working under near- 
weightless conditions? If so, maybe that will help explain why astro- 
naut bones fail to absorb calcium and grow progressively weaker. 

Skin from lizards commonly known as chameleons (actually, 
they're American anoles) makes for a handy tester. A bored 
chameleon sitting comfortably in the sun is brown, but two fighting 
males usually change to battleship gray. The winner turns apple 
green, while the loser becomes a sickly yellow. 

The changes result when pigment-cell granules are driven this 




way and that — through processes nobody quite understands — by 
hormones. One is adrenaline: another is melanocyte-stimulating 
hormone, or MSH. "If you hit a section of skin with MSH." explains 
Epp, "you'll drive the pigment cells so that it looks brown. Put in 
adrenaline, and you'll turn it green." 
At least on Earth. 

• 8:30:01 a.m.: The lizard-skin team is standing on bleachers, 
waiting for the launch of the $2.1 million rocket, 50 feet tall but only 
as wide as an ash can. 

•8:30:01 : Blast-off. "I'm always surprised at how fast 
those sounding rockets — recycled guided missiles, 
really — go up," says Epp. "Like a fireworks rocket." 

As the missile rises, the two short arms of the T- 
tube vials remain tightly closed at the inner ends. 
One arm of each T holds adrenaline; the other, fix- 
ative. In the long center leg, brown skin bits float in 
a solution of weak MSH. 

• 8:31 :03: Thrust stops, and the assembly contin- 
ues to lift, essentially weightless. Almost 185 miles 
| above the desert, the thousand-pound, 12-foot 
1 payload coasts smoothly in a perfect parabola. 
S • 8:36:10: An onboard computer blinks, and sud- 
gdenly, along the row of vials, spring-loaded 
n solenoids pop, opening the ends of the tubes hold- 
s ing adrenaline. Rams flatten the tubes, squirting 
\ the liquid to the center. The event is telemetered to 
I recorders back at the base. 
I There, Hammerstedt, at his bench, is duplicating 
°the sequence precisely. Later, when the team 
opens the ground-based unit, they'll note that the 
skin has turned green — as expected. 

• 8:38:02: Still in microgravity — and now the second set of 
solenoids blows. From the other leg of the T-tubes, fixatives squirt 
in, killing the chameleon tissue and halting the action. 

• 8:44:11: With a metallic thump, the payload, already telemeter- 
ing its location, parachutes to Earth. A half-hour later, the helicopter 
crew loads it for the 53-mile return trip to White Sands. 

• 10:58:15: NASA technicians have finished photographing each 
screw, bolt, and plate as it is removed, and finally the skin team be- 
gins taking apart the BioModule. They snip off the T-tube legs, draw 
out the liquid with Q-tips, and lift out the skin bits. 

If the skin is green, that means the microscopic processes that 
move pigment particles can operate in microgravity. Brown skin 
means something doesn't work — with far-reaching implications. 

Epp holds the bits up to the light. They'pe brown. — R. G. 
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selves can mysteriously develop odd 
shapes — bumpy spheroids called echi- 
nolytes. Lymphocytes (white cells) be- 
come sluggish, slowing in activity by 
nearly half in some cases. It all leads 
to a general weakening of the immune 
system that could mean susceptibility 
to stray microorganisms lurking in 
capsule crevices. 

• Motion Sickness. Also called 
"space adaptation syndrome," its 
symptoms are nausea, sweating, 
headaches, lethargy, appetite loss, and 
dizziness. Tiny stones in the inner ear 
cause the problem; they tell the brain 
that the body is tilting, while the sens- 
es of sight and touch say it's not. One 
helpful preflight training exercise: 
strap astronauts into spinning chairs. 
Drugs such as promethezine, an intra- 
muscular treatment, help reduce the 
symptoms in most cases. And on long 
space trips, the mind usually adapts to 
the environment, developing the 
equivalent of sea legs. 

he long list of potential problems 

I seems ominous. But optimists 
I take comfort in the results from 
the June 1991 SLS-1 mission, the 
most detailed attempt yet to study mi- 
crogravity's medical effects. The 
biggest surprise was how quickly most 
changes occurred — almost immediate- 
ly upon launch. The most reassuring 
news: So far, says Dr. Ronald J. White, 
chief scientist of NASA's Life Sciences 
Division, assessments have uncovered 
no biological reason why a Mars flight 
couldn't be successful. 

Meanwhile, scientists are studying 
countermeasures that could minimize 
the risk of space travel. The 1990 Na- 
tional Research Council report on 
space exploration urged NASA to de- 
velop "artificial gravity" for future ex- 
peditions. Artificial gravity might be 
generated by two connected spacecraft 
rotating around each other, or by a 
spinning capsule — like the one origi- 
nally planned for the space station. 

A few hours of artificial gravity a 
day might be enough to prevent un- 
wanted effects. In a study done last 
year at NASA's Ames Research Center, 
volunteers were confined to bed for 
four days with their heads tilted down 
at a six-degree angle — inducing some 
of the physical changes experienced in 
space. The study showed that the vol- 
unteers could avoid these changes by 
standing quietly for 15 minutes each 
hour over a 16-hour period. 

"The question we must answer is 
both practical and basic: How much 
gravity, how often, and for how long?" 
asks Dr. Joan Vernikos, the study's 
principal investigator. "We must know 
whether humans need gravity 24 
hours a day to remain healthy." ias 



WALKING ON A WALL 



I gaze up at the ceiling as technicians ad- 
just the bungee cords supporting me. I'm 
dangling from the cords like a marionette, 
lying face up, bobbling slightly while long 
springs pull me toward a vertical treadmill 
mounted on the wall. The researchers peri- 
odically turn it on, and I begin running while 
a computer measures my foot thumps, and 
a video camera records my gait. I've been 
in this harness an hour now, and the sweat 
has begun to trickle back into my helmet. 

The apparatus is a microgravity simulator 
and exerciser, located in the basement of a 
Penn State gym. The researchers are gath- 
ering information on how astronauts might 
jog in space. Jogging is probably the best 
way to stop calcium loss, one of the most 
serious problems for astronauts who stay in 
space for extended periods. 

The machine starts up again. "Stand up 
straight," says Brian Davis, the tall, skinny 
chief researcher on the project. "Don't lean 
forward. Try to keep in the center. Can't you 
run with more coordination?" 

Davis calls his device a Zero-gravity Loco- 
motion Simulator, or ZLS, and the data he 
gathers from my flailings will be added to 
that from at least a dozen other subjects. 
His objective is to determine the optimum 
treadmill design and speed, for eventually 
his findings will likely lead to a powered 
shuttle treadmill, and later, perhaps a unit 
for the space station. 

The calcium-loss problem — osteoporosis — has everyone in the space program con- 
cerned. Cosmonauts aboard Salyut-1 suffered a 1 7 percent calcium decrease in their leg 
bones in only 24 days. A Mars trip would last at least a couple of years, and physiologists 
worry that astronauts will step out of their craft on legs that will splinter. 

Drugs (such as fluorides) aren't much help, and some have serious side effects. Dietary 
supplements of calcium do virtually nothing. Rubber "penguin suits" favored by early cos- 
monauts — which force the wearer to exercise because virtually every movement becomes 
labored — promote muscle tone and a healthy cardiovascular system, but do nothing to 
stop calcium from draining away. Even rowing or bicycling doesn't solve the problem. 

The reason, apparently, is that these types of exercise are devoid of impact jolts, and 
when lower extremities aren't periodically jarred, calcium leaches out to be urinated 
away. 

A powered treadmill might solve the problem. Preliminary animal studies show that 
when the leg bones are jarred, calcium is retained. Shuttle astronauts have used a pas- 
sive treadmill, but only a powered unit can provide jolts. 

NASA provided funds for Davis, a specialist in biomedical engineering, to build his 
treadmill at Penn State's Center for Locomotion Studies. He collaborates with the cen- 
ter's director, an Englishman named Peter Cavanagh, as well as three other engi- 
neers — Randall Bock, H. J. Sommer, and Andris Freivalds. 

In their lab, I float a yard above the floor. Holding me up are bungees averaging 30 feet 
long. Each cord supports a different part of my body — two for each leg, others holding up 
my arms, torso, and head. Finally, I'm attached to the wall by a set of springs. My footfalls 
are measured by a Kistler forceplate (ordinarily used to gauge such things as head im- 
pacts on dashboards) just under the treadmill belt. 

Now Davis begins tightening the springs that pull me toward the treadmill, ratcheting 
me so tight I think my legs will buckle. 

He laughs. "That's one thing that always surprises me," he says. "Every subject is the 
same: When I tighten the cords to only 20 percent of Earth weight, it feels like one g. 
You're at only 60 percent now. In space, we must include some method for objectively 
measuring tension. You just can't tell by feel." 

My run is finally finished, and now, off the contraption and on a support table, my limbs 
feel extraordinarily heavy, as though weights are still attached. "That too always hap- 
pens," says Davis. "One subject actually thought that we had tied down his legs to the 
support table. You adapt to feeling weightless that quickly. Now you're readapting." 

Later this year, Davis hopes to test experienced astronauts on the treadmill, running at 
various gaits at various weights. They'll compare the feeling with that remembered from 
space. 

And then, space itself. "When we've come up with the most effective form of exercise," 
says Davis, "the goal is to implement that on an actual long-term mission — say, one of a 
month's duration. We'll measure calcium before and after, and see if we have cut down its 
loss — maybe even to zero." — R. G. 
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MERCURY VILLAGER IS Mercury's trademark light-bar nose, digital instrumentation, and 




VOLKSWAGEN EUROVAN MV The upright driving position and flat steering-wheel angle would make Ralph Kramden feel right at home. 
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NISSAN QUEST G A hondling suspension package gives this minivan near sports-carlike agility, but you'll spill the drinks in the cupholders. 




the ultimate bread box, with a driver-side air bag, and best all-around people-and-their-gear mover. 




other luxury touches set it apart from the rest. 



The three new minivans in- 
troduced this year are close 
enough to Chrysler's origi- 
nal concept that it's tough 
to tell them apart at the far 
end of a parking lot. But 
these well-thought-out 
clones are facing a formid- 
able challenge: to improve on a vehicle 
that is not only the third-highest vol- 
ume seller of any type (including all of 
its derivatives) in the United States to- 
day, but one that also manages to out- 
sell all of its competitors combined. 



At first glance, Chrysler's minivan is 
essentially a bread box on wheels — so 
simple in design and execution that 
duplicating it seems laughably easy. 
But so far it's defied imitation, as other 
automakers try to figure out why this 
minivan is one of the most popular ve- 
hicles on American highways. 

What makes the automakers' chase 
even more fascinating is that the mini- 
van has spawned a wide variety of 
ideas on how it could be designed, both 
mechanically and cosmetically. From 
varying proportions, engine place- 
ments, and even basic body structures, 
just about every variation has been 
tried in the minivan design book. Yet 
none has captivated the public quite 
like the Chrysler. 

Volkswagen first popularized the 
minivan concept with its Beetle-based, 
rear-engine microbus introduced in the 
United States in 1950, a vehicle that 
achieved cultlike status among the 
Woodstock generation. For 1993, VW is 
introducing the EuroVan, its first 
front-drive minivan and the tallest of 
our test group. Nissan has tried twice 
before with two versions of its smallish 
minivans, but both failed to catch on in 
the United States. Now the Japanese 
automaker is collaborating with Ford 



to build the minivan twins Nissan 
Quest and the Mercury Villager — the 
widest of the four we tested — at Ford's 
Avon Lake, Ohio, assembly plant, lb 
see how these new contenders fare, we 
lined them up with the longest mini- 
van — the Dodge Grand Caravan ES, 
the reigning leader in an increasingly 
crowded class. 

After decades of trying alternative 
design strategies, the latest Volks- 
wagen and Ford/Nissan efforts end up 
more or less where Chrysler started: 
Besides now possessing the same fun- 
damental box configuration, VW and 
Ford/Nissan also share the Chrysler 
merits of a transverse engine driving 
the front wheels and a flat, low floor 
following along behind. All of these 
vans are designed to carry people, not 
haul cargo. 

In Volkswagen's case, the design 
change meant discarding one of the 
last remaining logical applications of a 
rear engine and trans axle in the auto 
business. The VW EuroVan replaces 
the Vanagon, a minivan that had 
evolved over the years from the tippy- 
toed microbus. This vehicle struggled 
in the early years with a 25-horsepow- 
er air-cooled engine driving the rear 
wheels through a weird double-reduc- 
tion gear set that put the centerline of 
the rear hubs even with the bottom of 
the floor pan. The setup yielded envi- 
able ground clearance but contributed 
to poor stability. Later, the hubs disap- 
peared as power increased, the swing- 
axle rear suspension was changed to a 
semi-trailing arm, and eventually the 
flat-four engine became water-cooled. 
The last generation of the Vanagon still 
enjoyed one solid attribute from its 
rear engine — good weight distribution 
that only improved when cargo was 
added. It still had the major drawback, 
however, of forfeiting all of the space 
behind the rear (third) seat to a high 
shelf that covered the engine. 
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Given a clean sheet of paper to de- 
sign the new front-drive EuroVan, VW 
designers unfortunately didn't start 
with a good eraser for their mind-set. 
The transverse engine and front-wheel 
drive clear the floor to the rear, but nos- 
talgia for that package shelf apparent- 
ly led the EuroVan's designers to raise 
the floor under the two front seats 
some six inches above the rear floor 
pan. This makes for an awkward step- 
in height for the driver and front-seat 
passenger. It also reduces occupants' 
headroom (and for some, legroom) and 
prevents sliding long boards up under 
the front seats — a trick minivan-own- 
ers quickly learn in order to get the 
tailgate closed. Apparently, the rise in 
the floor is necessary to make room for 
the front suspension and steering gear, 
an outgrowth of the extreme forward 
placement of the front seats. This also 
necessitates an awkward, near-vertical 
angle for the steering column and 
wheel. As a result, the EuroVan's driv- 
ing position is pure Ralph Kramden. 

With all this lost, the gain is one of 
the largest cubic measures for the 
space behind the two front seats of any 
van in its class. It's even possible (we 
tried it) to load a 4x8 sheet of plywood 
through the cavernous rear door and 
carry it horizontally inside. Covered 
storage boxes behind the rear seat are 
good for small items, and a rear seat 
folds out into a rudimentary bed or eas- 
ily slides out altogether for a clear back 
floor. The rear-facing seats also are eas- 
ily removed, although clearing out a 
full cargo floor demands some unbolt- 
ing of both the rear seat tracks and the 
storage bins. There are other features 
that lean toward on-highway touring 
or even camping: Rear-seat passengers 
get conversational seating and an inge- 
nious fold-up table that might make 
this the ultimate car-pool vehicle. 

With more power, the EuroVan 
would be great for a road trip, but its 
109-hp in-line five-cylinder is barely 
adequate for around-town driving; 
even unloaded it takes 16.5 seconds to 
accelerate to 60 mph. The EuroVan 
also tips the scales at better than two 
tons, and the roof is more than six feet 
off the ground. That kind of frontal 
area needs some serious horsepower to 
push through the air. The lightweight 
2.5-liter engine gets significantly less 
fuel economy than the Grand Cara- 
van's 3.3-liter 150-hp V6, and, surpris- 
ingly, demands premium gas. 

Because the old Vanagon was one of 
the best-handling minivans, it is even 
more surprising that the EuroVan's 
truck-based chassis balks at hard cor- 
nering. Admittedly, that could be an 
advantage — assuming there's a card 
game going on at the folding table. All 
in all, the EuroVan provides motor- 



home-style performance in a class of 
vehicles that lately is becoming both 
quicker and more agile. 

The new Nissan-engineered Quest 
GXE is at the opposite end of the 
handling spectrum from the Eu- 
roVan, reaching near-sport-coupe 
speeds on the skid pad and winding 
through the slalom about one mph 
faster then the second-place Dodge 
Grand Caravan. It's of more than aca- 
demic interest that the Mercury Vil- 
lager, virtually identical in most re- 
spects to the Quest, finished third and 
fourth in these same categories. The 
difference is in the handling suspen- 
sion package that was fitted on the 
Quest but not on the Villager — Good- 
year GA radial tires, stiffer springs, 
shocks, and a rear anti-sway bar. The 
same package is available on the Vil- 
lager, but we requested different equip- 
ment in order to compare the optional 
suspension. 

The new Nissan and Mercury mini- 



vans are the products of a joint venture 
between Ford and the Japanese au- 
tomaker. The bulk of the engineering 
and design work was accomplished by 
Nissan, while the van is manufactured 
in a Ford truck plant in the United 
States. Unlike the Ford/Mazda tieup 
that produced two distinctive vehi- 
cles — the Ford Probe and the Mazda 
MX-6 sports coupes — the Villager and 
Quest vans are virtually identical, save 
for exterior and interior styling. 

The basic chassis sections for the 
Quest and Villager are derived from 
the Nissan Maxima sedan, a far more 
sophisticated setup than the K-car-de- 
rived underpinnings of the Grand Car- 
avan. The differences show up at rail- 
road crossings and on winding roads 
when the pavement turns rough. 

Short of flat-out handling ability, the 
Quest and Villager are pleasant vehi- 
cles on the highway, with good visibili- 
ty, comfortable seating, and responsive 
steering. Still, when empty, the Vil- 
lager/Quest vans are slightly worse 



82 • POPULAR SCIENCE MARCH 1993 



Copyrighted material 




performers than the Grand Caravan. 
Despite a slight horsepower edge from 
a smaller-displacement (three-liter) V6 
engine, the Villager's all-up curb 
weight is 4,043 pounds and the Quest's 
is 4,083 — 200-plus pounds heavier 
than the Dodge; this cuts into accelera- 
tion and fuel economy. The Villager 
and Quest, however, have full side-in- 
trusion door beams, hence meeting all 
current passenger-car crash standards. 
(Minivans are required only to meet 
light-truck standards, which currently 
do not mandate features such as head- 
rests.) Strangely, despite the emphasis 
on crashworthy construction, the de- 
signers didn't follow Chrysler's lead in 
making a minivan air bag standard. 

Nissan notes that it designed the 
chassis structure with the aid of a Cray 
supercomputer, a commonplace tech- 
nique these days that apparently 
missed predicting a strange harmonic 
vibration that causes the right-hand 
seat in the center row to shake myste- 
riously at certain speeds when the 



minivan is empty. Otherwise, the struc- 
ture is tight and quiet. 

Unlike the sometimes uncomfortable 
rear-facing seats in the EuroVan, the 
QuesrWillager vans have straightfor- 
ward five- and seven-passenger ar- 
rangements, with the main twist a slid- 
ing track that allows the rear seat to be 
pushed forward to quickly enlarge the 
cargo space at the rear. This is a clever 
idea, but the mounting precludes re- 
moving the seat altogether, and there- 
fore limits cargo room when you want 
to haul something bulky like a sofa. 

Exterior styling is one feature that 
sets off the Villager/Quest more than 
any other. Modern, aerodynamic, and 
considerably more functional than oth- 
er slope-nosed efforts that destroy for- 
ward visibility — the GM APVs are a 
notable example — the basic envelope is 
highly successful and a pleasant alter- 
native. Still, it demonstrates the prob- 
lem inherent in anything but a basic 
slab-sided approach. The curved side 
and the downward slope of the roofline 
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take away substantial interior volume 
at forehead-level. As a result, passen- 
gers riding shotgun in the back occa- 
sionally end up banging their heads on 
the sides. This contradicts the adver- 
tised interior volume to the point 
where few passengers would agree that 
the Quest/Villager twins are actually 
larger inside than the Grand Cara- 
van — even though the objective num- 
bers say otherwise. The result is a 
somewhat claustrophobic effect, espe- 
cially when compared with the roomy- 
feeling Dodge. 

With all of the competition, 
Chrysler hasn't been standing 
still. But "The Minivan Com- 
pany" hasn't been anxious to make dra- 
matic changes, either. Our test Grand 
Caravan ES is representative of a gen- 
erational updating done in 1991. To- 
day's minivan is slightly more rounded 
than the first generation, but not too 
rounded. The front suspension has 
been tuned and improved, and the 
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steering is more linear. It is one of those 
exercises in evolutionary develop- 
ment — which translates into trying not 
to mess up a good thing. 

The basic Chrysler design is actually 
not as simple as it looks. One key factor 
to its success remains the seating posi- 
tion of the driver. The front floor is 
about at curb height, the wheel hous- 
ings are forward, and the front bucket 
seats are virtually at chair height — all 
making it extremely easy to enter and 
exit. The steering wheel is at a comfort- 
able angle, and the nose is short, crash- 
worthy, and visible. Visibility from the 
driver's seat, in fact, ranks with the 
best of any type of vehicle on the road. 
This is partially due to the relatively 
deep windows that surround the pas- 
sengers. To accomplish this, the place- 
ment of the engine and front suspen- 
sion relative to the grille and firewall is 
critical — a carefully thought-out strate- 
gy that, not coincidentally, matches the 
dimensions of the old K-car platform. 
Exactly what will happen now that the 
old K-car is being phased out makes for 
interesting speculation about the fu- 
ture design of the Chrysler minivan. 

Meanwhile, although it takes a while 
to sink in, this big box is a masterpiece 
of ergonomics. The odd pieces of seating 
proportion, visibility, instrumentation, 
[Continued on page 97] 
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THE CHALLENGERS 
AND THE CHAMP 

This comparison test of new minivans 
from Nissan, Ford, and Volkswagen, do- 
ing battle against the established cream 
of the crop, the Dodge Grand Caravan, 
brings some interesting facets to light. 
The Volkswagen EuroVan MV, the most 
complete and most expensive version 
you can buy, is so far adrift from the 
American idiom of family vans that it just 
doesn't figure. It is slow, cumbersome, 
noisy, and just can't run with the others. 
But the EuroVan's mobile-office interior 
layout made it the most fun to hang out in. 

The stylish new Nissan Quest, even 
though it was the heaviest of the lot, dis- 
played amazing grace under pressure, 
winning the handling and braking derbies. 
Mercury's Villager, a virtual twin to the 
Quest, had still more style and more luxu- 
ries such as digital instrumentation. But 
our test Villager lacked the extra suspen- 
sion pieces that are standard on the Quest 
— the handling suspension is optional on 
the Villager-— so it didn't handle or stop 
quite as well. The Villager also shared 
some of the Quest's noise vibration and 
harsh ride problems. 

Its lack of sliding seats aside, though, the 
quick, lightweight V6 Dodge Grand Cara- 
van still seems to have the best combina- 
tion of looks, brawn, size, and features the 
market is looking for. — Jim McCraw 
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PRICES, PARTS, AND LABOR 



S21.850 
523,510 
Automatic 
transmission $895; 
convenience 
package (power 
windows, central 
locking, cruise 
control) S765 
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Heodlomp assembly 

Labor costs reflect manufacturer's flat rate time allowance multiplied by typical dealership labor rates per hour. 



$21,450 
$23,820 



package (3 500 lb 
towing, ABS. 
aluminum wheels, 
heavy-duty battery 
and radiator, 
suspension 
components) $930; 
power sliding 
sunroof $825; CD 
player S61 5 
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leather upholstery 
S865; power sun- 
roof $776; quad 
bucket seating 
$598; preferred 
equipment package 
$345; keyless entry 
system $301; digi 
tol instrument clust- 
er $244; power 
passenger's seat 
SI 94 
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Be a computer 

Only NRI gives you hands-o 
training with the latest 
programming tools: 

■ A 486sx computer with 80 meg hard drive ■ Windows 

■ Visual Basic ■ Power C ■ QBasic ■ MS-DOS 

■ And much more! 



ammer! 





nly NRI at-home 
training gives you 
I real-world 
programming skills in 
three in demand 
languages: QBasic, 
C, and Visual 
Basic, today's hot 
new language 
designed for 
writing popular 
Windows applications. Best of all, 
you get hands-on training with a 
powerful new 486sx -based computer 
system, complete with 80 meg hard 
drive, Windows, and professional 
programming software you keep! 



NRI, the leader in at-home 
computer training, shows you how 

to take advantage of today's 
newest programming opportunities 

Get in on the ground floor of one of today's 
fastest-growing career fields: computer 
programming. The Bureau of Labor Statistics 
forecasts that job opportunities for program- 
mers will increase much faster than average 
over the next 10 years, with as many as 
400,000 new jobs opening up by 2005. 

And the fastest-growing segment of 
programming jobs will be PC programming, 
fueled by the phenomenal popularity of 
Windows, the efficient power of C, and the 
ascent of exciting new languages like QBasic 
and Visual Basic. 

Now, with NRI at-home training, you 
can get the new skills you need to build a top- 
paying career — even a full- or part-time 
business of your own — in this high-growth, 
high-opportunity field. 



demand.. .including programs designed for 
use in a Windows environment! 

Only NRI gives you first-hand program- 
ming experience with a state-of-the-art 486sx 
mini-tower computer system, complete with 
hard disk drive, a full megabyte of RAM, high- 
density floppy drive, mouse, monitor, and 
more — all yours to train with and keep! 

Plus you explore the extraordinary 
capabilities of three in-demand programming 
languages. You learn to design, code, run, 
debug, and document programs in QBasic, C, 
and Visual Basic. Best of all, since Visual Basic 
is specifically designed for creating Windows 
applications, you learn to generate fully 
functioning Windows programs, complete 
with text boxes, command buttons, and other 
sophisticated graphical interface elements. 



NRI's step-by-step lessons and hands-on 
programming projects help you first master 
the design concepts used every day by 
successful PC programmers. Then, with the 
support of your experienced NRI instructor, 
you quickly move on to learn programming in 
three of today's hottest languages. 

By the time you complete your course, 
you have a clear understanding of program- 
ming methods, languages, and techniques... 
and you're ready to handle any programming 
task with confidence. 



No previous experience necessary 

Train with NRI, and immediately start getting 
the money-making job skills you need to be a 
computer programmer — no matter what 
your previous background. 



Send today for your FREE catalog 

See how NRI at-home training gives you the 
programming know-how, the computer, and 
the software you need to get started in this top- 
paying field. Send today for your FREE catalog! 

If the coupon is missing, write to us at 
the NRI School of Computer Programming, 
McGraw-Hill Continuing Education Center, 
4401 Connecticut Avenue, NW, Washington, 
DC 20008. 

IBM PC/AT is a registered trademark of the IBM Corporation. Windows, 
QBasic, and Visual Basic are trademarks of Microsoft Corporation. 



SEND COUPON TODAY FOR FREE NRI CATALOG! 



NEW! The only programming 
course that includes a powerful 

486sx-based computer, 
80 meg hard drive, Windows, 
Visual Basic, and more — 
all yours to keep! 
Right from the start, NRI gets you actively 
involved in the challenge of real-world 
programming. Step by step, you learn to 
create the kinds of full-featured, powerful 
programs today's employers and clients 




Schools linB 

McGraw-Hill Continuing Education Center 
4401 Connecticut Avenue, NW, Washington, DC 20008 

d Check one FREE catalog only 

□ COMPUTER PROGRAMMING 



For career courses 
□ approved under Gl Bill, 
check for details 



□ PC Applications Specialist 

□ Programming in C++ with Windows 



Other Computer Career Courses 

□ Microcomputer Servicing 

□ Desktop Publishing 

J Bookkeeping and Accounting 
J Computer-Aided Drafting 
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Babbage's 
Difference Engine 
No. 2 is powered 
by the hand crank 
(below) through a 
series of gears, 
cams, and lovers. 





BY STUART F. BROWN 



Clacking, ratcheting, and dully 
ringing with the music of precise 
bronze and steel clockwork, 
numbered cogwheels on upright 
shafts begin to move as an engineer in 
a white lab coat turns a reluctant 
hand crank. The engraved wheels 
click into place one by one, reading out 
a 30-digit number. 

More than 140 years after it was de- 
signed, Difference Engine No. 2 — 
which was never built by its 19th cen- 
tury inventor — is finally up and run- 
ning. And it works. Comprising 4,000 
parts housed in a cast-iron frame sev- 
en feet tall and 11 feet long, the impos- 
ing machine has delivered the correct 
answer to a complex mathematical 
calculation. 

English mathematician and far- 
ranging thinker Charles Babbage 
drafted the construction drawings for 
his automatic calculator between 
1847 and 1849. Bogged down by fi- 
nancial and other troubles, however, 
Babbage wasn't able to build the ma- 
chine he had conceived. For years, 
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historians assumed part of the prob- 
lem was that metalworking technolo- 
gy of the mid- 19th century was inade- 
quate for producing the hundreds of 
complex, identical precision parts the 
engine required. 

In order to test the technology hy- 
pothesis while commemorating the 
1991 bicentennial of Babbage's birth, 
the Science Museum in London, guided 
by 20 original drawings in its collec- 
tion, fabricated a working engine. The 
materials and machining tolerances 
used were the same as those available 
to the inventor. Although the museum 
employed modern automated equip- 
ment to speed production of batches of 
parts, the results show that the state of 
Victorian machining art could, after 
all, have been up to the task. 

The idea of an automatic calculating 
machine held great appeal to scientists 
like Babbage and to the bankers, navi- 
gators, engineers, and others who rou- 
tinely needed to perform large arith- 
metic procedures. The printed 
mathematical tables of multiplication, 
division, and logarithms they relied 
upon as calculating aids were far from 
ideal. Bound into volumes of endless 
columns of figures that were tedious to 
use, the tables also contained errors 
that crept in through mistakes in cal- 
culation, transcription, and printing. 
Capturing the rules of math in im- 
mutable metal would banish these po- 
tentially disastrous vagaries, which 
could cause ships to run aground or ac- 
countants to make huge financial 
blunders. 

Babbage began working on such ma- 
chines in 1821, managing after 11 
years of great expense and frustration 
to produce one-seventh of the calculat- 
ing section of Difference Engine No. 1, 
an assemblage of 2,000 precision parts 
that functions to this day. Doron 
Swade, the museum's senior curator of 
computing and control, calls the mech- 
anism "the first known automatic cal- 
culating device and one of the most cel- 
ebrated icons in the prehistory of 
computing." If completed, the entire 
engine would have had about 25,000 
parts and weighed several tons. 

Difference Engine No. 2 represents 
an evolution from its predecessor that 
uses a simpler, more efficient mechani- 
cal design. Both engines were designed 
to incorporate automatic printing 
mechanisms for putting accurate 
mathematical tables onto paper. The 
museum eventually plans to construct 
a printer for Engine No. 2; it will con- 
sist of about 4,000 additional parts. 

As their names suggest, these en- 
gines operate on the method of finite 
differences, a principle by which the 
value of complex mathematical expres- 
sions can be found through a series of 



JUST LIKE A COMPUTER 



Looking beyond his first Difference Engine, 
which was an automatic calculator that func- 
tioned according to a fixed additive se- 
quence, Babbage began in 1834 to think 
about a more sophisticated general-purpose 
machine, which he called the Analytical 
Engine. It was intended to perform algebraic 
functions. 

Like a modern computer, the engine would 
be programmable. Babbage borrowed the 
technique of storing instructions on punched 
cards from the French Jacquard loom, which 
automatically wove elaborate motifs into tex- 
tiles. He designed a system for reading in- 
formation on the cards by passing rods 
through their perforations. Other sections of 
the machine included a "mill" where arith- 
metic processing occurred and a "store" that 
held calculations-in-progress. 

Ada Lovelace — the mathematically gifted 
daughter of Lord Byron and author of an in- 
sightful paper on Babbage's advanced de- 
sign — said at the time, "The Analytical Engine weaves algebraic patterns just as the 
Jacquard loom weaves flowers and leaves." Had the engine been completed, it would 
have been as much as 20 feet long and would almost certainly have required steam or 
water power to spin its vast mechanical workings. — S. F. B. 




A section of the Analytical Engine was being 
built when Babbage died in 1871. 



additions, a much less complicated me- 
chanical challenge than multiplying or 
dividing. If a total of 8,000 components 
are required to calculate and print by 
this method, imagine the complexity of 
a machine conceived to tackle long divi- 
sion head-on. 

Babbage's demand for large quanti- 
ties of intricate metal parts helped ex- 
pand the limits of manufacturing tech- 
nology. Working with a brilliant 
machine-tool builder named Joseph 
Clement, Babbage developed many 
special tools and jigs, and later ex- 
plored sheet-metal stamping and pres- 
sure die-casting processes for making 
interchangeable components. Sur- 
viving parts built for the Difference 
and Analytical engines (see box) are 
magnificent in their form and finish. 

Charles Babbage was much more 
than a number-cruncher and machine 
designer — he was also a philosopher, 
writer, political economist, and 
socialite. Today, though, he 
is remembered 
principally as 
one of the grand- 
fathers of the 
computer. Cur- 
iously, his ideas — 
which presage much 
of the architecture of 
the first electronic 
computers developed 
in the 1940s — weren't 

Machine designer Joseph 

Clement built this multi- 
purpose, treadle-pow- 
ered lathe (or Babbagt 

in 1824. 



widely known then to most researchers. 

After Babbage's death, his son as- 
sembled a small model of Difference 
Engine No. 1, which he sent to Harvard 
University in 1896. Electronic comput- 
ing pioneer Howard Aiken later came 
across the machine. "If Babbage had 
lived 75 years later," he said, "I would 
have been out of a job." 

In his role as an innovator who 
invented things future scientists would 
have to recreate for themselves, 
Babbage remains a compelling figure 
in the history of technology. A recent 
historical science-fiction novel, The 
Difference Engine (Gibson and Sterling, 
Bantam, 1991), imagines a Victorian 
Britain where huge banks of govern- 
ment-owned Babbage machines clack 
through calculations governing the 
lives of the populace. And in the real 
London of 1993, the gleaming workings 
of Difference Engine No. 2 are on dis- 
play for visitors to admire. rjs 





This four-cycle engine is lightweight enough 
for hand-held equipment— and clean 
enough for California. 

BY JUDITH ANNE GUNTHER 
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ere, claimed experts in the outdoor power 
tool industry, was a problem without a 
ready solution: How could they build a 
^■l. jBk. gas-powered engine small and powerful 
enough for consumers, yet sufficiently clean-burning to 
meet increasingly demanding legislation? 

Now one manufacturer, Ryobi North America, the 
South Carolina-based subsidiary of the Japanese tool- 
maker, says it has an answer. Ryobi's CleanAir engine is 
a radically scaled-down 26cc four-cycle engine that deftly 
delivers one horsepower in an eight-pound package. And 
Ryobi is betting that this engine will heavily influence 
the hand-held outdoor power tools that consumers buy 
in the mid-1990s. 

For decades, manufacturers have relied on two-cycle 
engines to power chain saws, trimmers, blowers, and 
other tools that require light weight and brute force, tak- 
ing advantage of a power pulse with every crankshaft 
revolution ["Greener Pastures," July '92]. But such per- 
formance has its price — air pollution — and in 1990 the 
California Air Resources Board (CARB) established 
stringent emissions standards that will have to be met 
by all gas-powered utility products sold in that state. 
The CARB regulations, which take effect in two phases, 
1994 and then 1999, have been criticized by some manu- 



facturers as being too difficult to meet in a relatively 
short period of time. (Discussions are under way be- 
tween CARB and manufacturers to move the first-phase 
deadline back by one year. ) 

How did Ryobi get the jump on the industry? Partly by 
making the project a priority item as early as 1989 and 
partly by pushing the limits of small-engine technology. 
The CleanAir engine circumvents the exhaust emissions 
problem inherent in a two-cycle engine mainly by em- 
ploying its cousin, the four-cycle engine. 

The project had sprung from a concept for a small-dis- 
placement, low-cost four-stroke engine that had been 
proposed to Ryobi in 1988 by Robert Everts, an Arizona- 
based engineer whose company produced the first work- 
ing prototype. Commonly used in heavier lawn and gar- 
den equipment, a four-cycle engine fires its ignition on 
every other revolution and uses conventional poppet 
valves to control the flow of the incoming fuel-air mix- 
ture and outgoing exhaust; this helps reduce the chance 
that some fuel will escape unburned. And unlike many 
two-cycle engine designs, the four-cycle doesn't require 
that the lubricating oil be mixed directly with the gaso- 
line, a major cause of the blue-smoke plume that rou- 
tinely spits out of two-cycles. 

"We started out with three criteria for this engine," 





says Ryobi senior vice president 
William McLay. "First, it had to meet 
California's emissions standards. 
Second, it could not be any heavier 
than current two-cycle engines. 
Third, it couldn't cost significantly 
more than high-end engines. And we 
feel that the CleanAir engine meets 
these parameters." 

In theory, building a small four-cycle 
engine might not seem difficult, but in 
reality Ryobi faced numerous design 
and manufacturing hurdles. Today's 
small four-cycle engines normally 
weigh 40 pounds and generate about 
3.5 horsepower. The CleanAir engine, 
in comparison, weighs just eight 
pounds and generates one horsepower. 
Such dramatic downsizing required 
smaller components; some parts, such 
as the valves, didn't exist and had to 
be designed and manufactured specifi- 
cally for this engine. 

Still, industry experts are cautious 
when discussing the engine. "There's 
no magic here," remarks Glenn Keller 
of the Engine Manufacturers Associ- 
ation in Chicago. While he acknowl- 
edges the difficulties in design, he 
sums that "Ryobi has just miniatur- 
ized everything." 

A logical analysis in the broad sense, 
but, as additional research indicates, 
something of an underestimate of the 
cleverness of the Ryobi engine design. 
Such a simplistic engine-shrinking 
could certainly have produced the low 



emissions levels and perhaps the nec- 
essary power output, but doubtfully 
could have done it at a competitive 
manufacturing cost. Here the Clean- 
Air engine demonstrates some unique 
design solutions that give it a clear 
edge, at least for the time being. 

"We are aware — at least it's rumored 
in the industry — that other manufac- 
turers have made small four-cycle en- 
gines," McLay says. "But they're either 
polluting or very costly or too heavy." 
Likewise, tiny four-cycle engines used 
in another application — model air- 
planes — don't fit the bill for running 
trimmers and blowers. "That's a whole 
different power class," says McLay. 

To operate a grass trimmer, he 
explains, a small four-cycle en- 
gine must turn at about 7,000 
or 8,000 rpm — twice the speed of a 
mower-type engine. Increasing speed 
means increased heat, and possibly in- 
creased wear on engine parts. 
Although McLay won't reveal the met- 
allurgy processes that were employed 
("We hope it will take a while for our 
competitors to figure it out," he says), 
he does allude to alloys, heat-treating 
methods, and materials chosen for 
their lubricity. 

To keep engine temperatures down, 
Ryobi engineers worked out an unusu- 
al two-piece cylinder head consisting of 
a lower casting that houses the com- 
bustion chamber and an upper section 



that encloses the rocker arms used to 
open the valves. This design permits 
cooling fins to be placed strategically 
next to some of the hottest areas of the 
engine — the exhaust valve and bridge 
area between the valves. 

For all of the development effort 
Ryobi invested in it, the CleanAir en- 
gine must still be competitive with oth- 
er products if it is to sell in the 49 
states that don't have emissions regu- 
lations yet. (The EPA is reviewing 
emissions data of so-called utility en- 
gines; nationwide regulations may be 
announced by the end of 1993.) 

"Only certain people will buy a prod- 
uct because it is environmentally 
friendly," McLay acknowledges. Per- 
formance, he maintains, will be a ma- 
jor selling point. 

The most significant benefit con- 
sumers will find is the more consistent 
power produced by four-strokes. "The 
characteristic of a two-cycle engine is 
that it has to be very high on the rpm 
curve to get the most torque output," 
he explains. "But a four-cycle has a 
flatter curve, so when the engine is 
working hard, it still produces the 
torque. As rpm drops, torque doesn't 
drop much at all." 

Another plus inherent in a four-cycle 
engine is that it doesn't require a gas- 
oil mixture. Instead, lubricant is dis- 
tributed by a dipper at the end of the 
connecting rod — the conventional 
[Continued on page 96] 




A BIG DEAL: SMALL ENGINE, LOW EMISSIONS 
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' EMISSIONS MEASURED IN GRAMS PER BRAKE HORSEPOWER-HOUR 

Weighing in at just eight pounds, the 26cc four-cycle overhead- 
valve CleanAir engine generates one horsepower and meets 
California's 1999 emissions limits (see chart). Thanks to the all-po- 
sition diaphragm carburetor and a roller-bearing-equipped connect- 
ing rod, the engine will run at any angle without incurring damage. 
To keep weight down, the CleanAir engine uses a cantiievered 
crankshaft, supported by bearings on one side only, and the piston 
runs on a flash-chromed cylinder bore rather than a cast-iron 
sleeve. Both the intake and exhaust valves are actuated by a single 
cam lobe. 
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Everything about 
the Ford Econoline is 
formulated to win you over 
Because 
the ultimate 
van conversion begins with the 
ultimate in full-size vans. And 



Ford Trades. 
The Best Never Rest. 



Econoline is the most advanced 
full-size van built today. 
Econoline's unique 
features include Ford's 
exclusive "out front" 
design for more room up 
front. The strength of 
body-on-frame construction. 
Twin-I-Beam independent 
front suspension for 
smoothness and control. 
Plus unsurpassed trailer 
towing capacity. 



passenger van with a standard 
driver side air bag to supplement 
your safety belt* So see your 
Ford dealer. And let him convert 
you to the Ford Econoline. 

ECONOLINE 




'All models except E-350. Air bag effectiveness depends on wearing your safety belts, so always buckle up. "Best- 
Built" claim based on an average of consumer-reported problems in a series of surveys of all '81- 92 models designed 
and built in North America. Sales by Division. 



THE BEST-BUILT, BEST-SELLING AMERICAN 
TRUCKS ARE BUILT FORD TOUGH. 
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The "growth cycle" of 
the prostate: from birth 
through later life. 



As a male develops from childhood 
through maturity, his prostate grows, 
stops growing, and can then start grow- 
ing again in later life. To help you under- 
stand the vital role the prostate plays, 
here are some important facts. 

The prostate at birth 

Only males are born with a prostate 
gland. It's located at the base of the blad- 
der, as shown in the diagram. 

At birth, a baby boy's prostate is 
about the size of an almond, and it 
remains that size throughout childhood. 




The prostate at puberty 

During puberty, the prostate dou- 
bles in size. Then it stops growing. This 
is normal. The prostate is preparing for 
its main role in life — helping sexual 
reproduction. 

The prostate supplies the milky 
fluid that helps transport the sperm 
through the penis during ejaculation. 
The prostatic fluid also aids conception 
by providing support and nourishment 
for the sperm and helping to make the 
vaginal canal less acidic. 

The renewed 
growth of the prostate 
at middle age 

In most men, after age 45, the pros- 
tate starts to enlarge and may continue to 
enlarge for the rest of a man's life. This 
growth may be benign prostate enlarge- 
ment, a noncancerous condition. A major 
cause is the activity of a key hormone. 

By itself, benign prostate enlarge- 
ment isn't a problem. But, the prostate 
gland surrounds a section of the urethra, 
the tube that carries urine from the blad- 
der through the penis. As the prostate con- 
tinues to grow, it can squeeze the urethra 
(like pinching a straw) and interfere with 
the normal flow of urine, causing uncom- 
fortable and embarrassing symptoms. 

The prostate in later life 

Not every man develops an enlarged 
prostate. And in those men who have the 
condition, it is not always progressive. 

However, prostate enlargement is 
a common medical finding. In fact, 
more than half of men over 50 have an 
enlarged prostate. 

The urinary symptoms 
of an enlarged prostate 

Among the symptoms commonly 
associated with an enlarged prostate are 
more frequent urination, especially dur- 
ing the night, or the sudden, almost 
uncontrollable urge to urinate. The 
added pressure on the urethra can also 
cause a weak, interrupted urine stream, 
a sense of the bladder not emptying com- 
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pletely, leakage, and difficulty in starting 
urination. It can even result in total 
blockage, a serious condition. 

Why you should 
consult the doctor 

Symptomatic benign prostate 
enlargement can be helped. Recent 
advances in treatment have been made, 
and today your doctor has several 
options. So now, more than ever, is an 
excellent time to consult your doctor. You 
and your doctor should discuss which 
treatment option would be best for you. 
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The prostate is located at the base of the bladder. It 
surrounds a part of the urethra, the tube that carries urine 
from the bladder through the penis. As the prostate enlarges, 
it can squeeze the urethra and cause urinary problems. 



If you experience any symptoms, see 
your doctor and speak frankly about the 
problem. A simple rectal examination 
enables the doctor to feel, with a gloved 
finger, the size and condition of the 
prostate. This exam, and other tests the 
doctor may recommend, will also help to 
rule out the possibility of prostate can- 
cer. Benign prostate enlargement is not 
cancer and does not turn into cancer. 

Talk to your doctor, soon. It's impor- 
tant to you— and your family. And, for a 
free informative booklet, "What every 
man should know about his prostate," 
call 1-800-635-4452. 

♦j> MERCK 
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The little engine that could 

[Continued from page 92\ 



splash-type system used in small four- 
cycles — which Ryobi claims will be ef- 
fective even with the engine running 
inverted. By itself, it would seem un- 
likely that the dipper system could 
possibly live up to that assertion. That 
is, until you learn that both ends of the 
connecting rod ride on caged roller 
bearings (rather than conventional in- 
sert shells), which get along fine on 
very small amounts of oil. As a side 
benefit, the weight, cost, and power 



drain of an oil-circulating pump have 
been eliminated. 

The caged roller bearings are fitted 
into a steel connecting rod that is built 
up from two separate stampings, 
rather than the usual casting or forg- 
ing. The stamped parts are left and 
right sections; there is no separate 
bearing cap at the bottom end. This 
construction technique requires that 
the crankshaft be pressed together 
from individual pieces for ease of as- 



sembly, and here again Ryobi breaks 
from tradition by using a stamped 
counterweight section mated to a sim- 
ple steel output shaft. Additionally, 
overall engine weight is kept low by 
the crankshaft's cantilevered design; 
the engine is supported in ball bear- 
ings only on the flywheel side, ending 
abruptly at the connecting rod. 

The enlightened engineering 
doesn't end there, either. To eliminate 
a heavy iron cylinder sleeve, the 
CleanAir engine is built with a long- 
lasting, flash-chromed aluminum 
cylinder bore. The valve train operates 
from one cam lobe, using an ingenious 
follower mechanism that simultane- 
ously converts the cam's rotation to 
the required reciprocating motion and 
also turns the action 90 degrees to line 
up with the ball-pivot rocker arms. 

In addition to exhaust emissions, 
Ryobi addressed another form of pol- 
lution: noise. While the CleanAir en- 
gine's noise level is only a few decibels 
less than most engines, the biggest 
difference is its deeper pitch. "The im- 
provement is the quality of the 
sound," says McLay. "High-pitched 
sounds and lower-pitched sounds at 
the same decibel level are two differ- 
ent experiences to the human ear." 

Computer-aided-design technology 
played a major role in this process. 
"We incorporated a large-volume muf- 
fler, but what's more, we used comput- 
er-aided design to create noise-cancel- 
ing baffling," he says. To reduce the 
noise generated by the gear drive, en- 
gineers designed gear profiles that 
would operate more quietly and then 
manufactured the gears in a pow- 
dered-metal material that provides 
some advantage in sound damping. 

Now engineers are ironing out the 
last details, including smoothing the 
engine's vibrations. "We're still fine- 
tuning that," says McLay. "Four-cycle 
engines tend to vibrate more than 
two-cycles because they fire every oth- 
er stroke." 

A 1994 debut 

The CleanAir engine will be manu- 
factured almost entirely in Arizona 
and will first appear in a hand-held 
grass trimmer at the industry's expo- 
sition this summer in Louisville, Ky. 
Consumers can expect to see that 
product on store shelves in the first 
part of 1994. Meanwhile, McLay says 
Ryobi will consider applying the tech- 
nology to other outdoor power tool 
products, such as brush cutters, culti- 
vators, and leaf blowers, as well as li- 
censing the engine to manufacturers 
of water pumps, mowers, and high- 
power washers. as 
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Sporting Firearms 

Sporting firearms built by Ruger are known worldwide 
for perfect performance, exclusive design, and classic 
style. Ruger manufacturing methods and skilled Ruger 
people produce these perfect fire arms efficiently, and 
Ruger quality reaches the buyer reasonably priced. 

Suggested retail prices for firearms pictured above, 
top to bottom: Ruger Over & Under Shotgun $1157.50; 
KM77 RSP Mark II Rifle $617.00; No. 1 Standard 
Rifle $634.00; Ruger K10/22RB Carbine $236.00. 

Sturm, Ruger & Company, Inc., 31 Lacey Place, Southport, Connecticut 06490 
Instruction manuals for all Ruger firearms are available free upon request. 




Minhrans 

[Continued from page 84] 

and door openings add up to a vehicle 
that works physically, including all the 
loading, unloading, and squirming 
around that is as much a part of day-to- 
day driving as taking a hard corner un- 
der power. 

Our Grand Caravan was equipped 
with a new handling package that de- 
livered quick steering response and 
good slalom times on the track. Unfor- 
tunately, it was particularly harsh on 
the highway. By comparison, the per- 
formance-equipped Quest stayed rela- 
tively quiet and smooth. Normally, the 
harsh ride associated with handling 
packages isn't a fair trade-off, particu- 
larly for a grocery-carrier like a mini- 
van. The Quest proves it can be done 
smoothly; the Grand Caravan's han- 
dling setup hardly seems worth the 
aggravation. Overall performance is 
lively, due to the Grand Caravan's 
light weight and large-displacement 
V6 engine. 

This year a few worthwhile features 
have been added to the Chrysler mini- 
van, including vertically adjustable 
front seat belts and a tilting power 
seat. Chrysler also offers a standard 
driver-side air bag and still stands out 
with an optional ingenious built-in 
child seat. Antilock brakes are avail- 
able, but, according to Chrysler, rarely 
ordered. This is unfortunate because 
an antilock brake system is particular- 
ly effective when a vehicle undergoes 
big load changes. The Quest/Villager's 
antilock brakes showed to their advan- 
tage. ABS is standard on the Villager 
and optional on the Quest. 

Close contenders 

Overall, the Ford/Nissan contenders 
are the closest challenges to the Chry- 
sler classic so far. Given this stage of de- 
velopment, however, it is surprising 
that the Villager/Quest vans lack cer- 
tain popular features such as an air 
bag. But the highway manners and 
styling of these minivan twins are ap- 
pealing, particularly if they're not load- 
ed to capacity with people or cargo. 

The Volkswagen is an oddly de- 
signed chassis with certain interior 
features that are unique. The camping 
version will probably emerge as the 
finest in its class. Its marginal perfor- 
mance is disconcerting, however, and 
the Euro Van has no offsetting savings 
in fuel economy. 

The Dodge Grand Caravan still rep- 
resents the optimum package for full, 
usable seating, reasonable cargo room, 
and driving comfort. When the avail- 
able feature list is added in, along with 
the fact that it is also offered in its 
original short-wheelbase version, its 
popularity is unlikely to fade. US 



Take 20% Off! 

. . .when you buy two or more Escort detectors: 



For the first time ever, our entire line of 
Passport radar and laser detectors is on sale. You 
can "mix or match" them for savings of nearly 
$80. If you've been waiting for the perfect 
moment to buy a radar or laser detector, this is it. 

A perfect combination is Passport 3100 
WideBand and Passport 1000 Laser. A total 
detection package, they'll protect you from every 
type of radar and laser used today. And you'll pay 
less for both detectors than others charge for a 
wide-band detector alone! You can't go wrong 
with this combo. 

All detectors are backed with a 30-day money 
back guarantee and one-year limited warranty. 

The 20% discount applies only to new purchases of two 
detectors on the same order. Return of either detector will result 
in the loss of the 20% discount Offerends March 31, 1993. 



Call toll-free 24 hours, 7 days a week: 

1-800-433-3487 

Fat 1-513-247-4820 Service: 1-800-543-1608 

Detector prices when sold Individually: 

Passport 1000 Laser J99; Passport 3100 WideBand J179 

Buy both detectors for only $223 

plus shipping & handling. Ohio res. add 6% tax. 
Overnight Shipping Available 

► Department 501633 
5200 Fields-Ertel Road 
Cincinnati, Ohio 45249 

ESCORT 

Tbe Innovative Edge™ 



GET RID OF YOUR GUTTERS! 

THEY CLOG, LEAK, FREEZE, RUST AND ROT. 



Replace them with the 
UI«ANDLEflPl 
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STOP CLOGGING. 
RainhandleR 

needs no deeming, 
because it can't 
clog. Its patented 
louvers break up 
roof water into a 
spray of tiny drops 
and disperse them 
away from your 
house. 

STOP CLEANING. 

You'll never climb a 
shaky ladder again 
to clean a gutter. 
RainhandleR comes 
clean with a quick 
blast from your 
garden hose -from 
ground level. 



R.lnh.ndkfl-1 STOP WATER 

^ DAMAGE. 

RainhandleR in win- 
_ j ter, protects your 
/ investment by 
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Hundreds of thousands of 
RainhandleR have been installed 
on homes nationwide. They can be 
installed on yours in about 3 hours 
with a screwdriver. RainhandleR 
is virtually invisible, rustproof, and 
comes in white, brown or alumi- 
num finishes. 

For more information, send the 
coupon to RainhandleR or call 
1-800-942-3004 
Some distributor 
territories qre 
available. 




J helping to prevent 
clogs and ice dams 
on the roof that 
— otherwise lead to 
water rot and leaks. 
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Dept. PS033 ,rom savetime CORP. 
1285 Boston Ave.. Bridgeport. CT 06610 
Please send me your free information kit. 
Name 

Address 

City 

State 



.Zip. 
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Nordic T nit :k's Aerobic 
Cross-Trainer" was voted 
one of the top 100 innovative 
new products of 1992. 




Keep Your Fitness 
Resolutions Three Ways. 

The only all-in-one skier-stepper-treadmiU! 

It's a skier and a stepper, plus a treadmill to 
walk, run or "NofdicWalk." That's five workout 
options! 

Over 75% of New Year's resolutions are 
broken after just one week. With the variety of 
calorie-burning workout choices of the Aerobic 
Crass-Trainer, you'll keep exercising through 1993 
and beyond! 



N 



ordiclrack 

m A CM. Company 



30-day 
in-home trial 



i hi uFREE Video and Brochure, 



call 1-800-328-5888 Ext. 7X6C3 

■Me NortkTrack, Dept. 7X6C3. 1M Pravcy Read. Chaska. HN 55318 
Omj NordirTracfc. Inc.. A CML Ornirum • All righw iCTcnrd. 



Presenting... 

The DR* FIELD and 
BRUSH MOWER 

-the amazing walk-behind "brush hog" that- 

CLEARS & MAINTAINS meadows, 
pastures, woodloti, wooded and rough . A 
non-lawn areas with ease. CUTS tall 
grass, weeds, brambles, tough brush 
and saplings up to 1" thick. 

CHOPS/MULCHES most every- 
thing it cuts. Leaves NO TANGLE 
of brush to pick up like hand- 
held brushcutters and sicklebar 
mowers. Perfect for low- 
maintenance wildflower 
meadows, European-style 
woodlots, walking paths, 
or any area you only 
want to mow once 
a month or once 
a season! 





[please mail this coupon TODAyIot com~leTeFREEl 
DETAILS of the DR* FIELD and BRUSH MOWER [ 
I including prices, specifications, and "Off-Season" | 
I Savings now in effect. There is no obligation. 



I Nam* 
I ~ 
| A4d»M_ 

! City 



ZIP 



To: Country Home Products - , Dept. 38303F 
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Wanted 




Start Your Own Business 
by Capitalizing on the 
Exploding Growth of 
Steel Framing in 
Residential Construction 

Experts Agree, the Potential for Steel Framing in Today 's Residential Construction 
Market is UNLIMITED, and Expanding Rapidly. Join Tri-Steel, the Industry Leader. 
Start by Building Your Own Home. 




It's 



Easy to Start with: 

Low, 100% Refundable Investment 

Detailed Training Manuals 

4 Unique Distributor Programs 

No Franchise Fees 

Financing Available 

Hands-On Training 

Technical and Sales Support 

Construction Assistance 

Commercial & Small Buildings 

And Much, Much More- 



Affordable Lifetime Homes feature: 

* Simple Bolt-Together Construction 

* Fast, Simple Erection 

* 9" Thick Ft-30 Insulation 

* 1 00 Standard Models or Custom Designs 

* Environmentally Preferred Materials 

* High Strength for Extra Protection against 
Fire, Termites, High Winds and even 
Earthquakes (Seismic 4 Rating) 

* Clearspan Interiors 

* And Much, Much More 




Call Today to Order a $19. 95 Tri-Steel 
Video or a FREE Information Packet 

1800 TRI STEEL 

or call (81 7) 497-7070 Fax: (81 7) 497-7497 

Of Visit Us at: 5400 S. Stemmons Freeway, Denton, Texas 76205 




Tri-Steel 

Structures 



Secret Much 6 spy plane 

[Continued from page 63 1 

an echo that's too high to be an air- 
plane and stops displaying it. 

A few miles from a medium-size city 
lies a walled, heavily guarded com- 
pound containing equipment test 
stands and several small factory 
buildings. From time to time a siren 
sounds, and temporary covers are 
thrown over sensitive equipment. All 
activity ceases for the few minutes it 
takes a known spy satellite's imaging 
path to pass over the base. But no 
warning is given this morning. Tech- 
nicians, including two blond Cau- 
casians, are busily preparing a rocket 
motor for testing on an open stand, 
and a truck that left a Czech machine- 
tool factory several days earlier is be- 
ing unloaded. 

All of this detail is faithfully stored 
on a battery of hard-disk memories by 
a camera with a 48-inch telephoto 
lens. Three hours and 15 minutes af- 
ter its takeoff from Nevada, the spy 
plane makes a wide turn back toward 
Northern Europe. The RSO selects 
the clearest images on his high-reso- 
lution screen and transmits them to a 
satellite with a few keystrokes. In five 
minutes, hard copies as sharp as an 
original negative are rolling out of a 
processing machine 6,000 miles away. 

Aurora uses ramjet engines, because 
no other type can work as efficiently at 
the speeds the plane travels. In its 
simplest form, a ramjet is a pinched 
tube that slows, compresses, and heats 
the incoming supersonic airstream be- 
fore adding fuel to it, producing enor- 
mous thrust from the hot gas expand- 
ing out the exhaust nozzle. However, 
the compression process also generates 
tremendous drag. The ramjet design- 
er's challenge is to keep the level of 
drag from canceling out the slim mar- 
gin of thrust that propels the aircraft. 

One way to make a ramjet engine 
efficient is to stretch it along the en- 
tire length of the vehicle. In a hyper- 
sonic ramjet aircraft, the underside of 
the forward body is a ramp that ini- 
tially compresses the air before it en- 
ters the inlet ducts, and the curved 
underside of the afterbody guides the 
expansion of the exhaust gas. 

It's a lifting body 

The compressed air underneath the 
body serves a second purpose: It holds 
the airplane up. At Mach 6, conven- 
tional wings would be superfluous ap- 
pendages creating horrendous drag. 
Accordingly, the tips of Aurora's delta 
planform are mainly there to provide 
stability and control. 

The basic problem with ramjets is 
that they don't work at all unless the 
aircraft is moving quite fast, and they 
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so advanced, it creates 



its own ground effects! 




It's called AEROFOIL", and it's built with the same ground effects technology that keeps 
Indy race cars glued to the track. Air rushing through AEROFOIL'S wind channel ports 
speeds up, creating a downward pressure. So only AEROFOIL can handle the highway 
speeds that lift other blades away from the windshield. And that's just the beginning of its 
many hi-tech features. But then, what else would you expect from a blade this advanced? 

For dealer nearest vou or to order AEROFOIL direct, call 1-800-352-0770. Enter access code 57506 

when prompted. Available in 15" to 24" sizes. Tridon • P.O. Box 1610 • Nashville, TN 37202 • P.O. Box 5029 • Burlington, Ontario L7R4A2 
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GREAT FINDS 



RANDOM HOUSE " electronic encyclopedia - 




Item "5010 



$349.00 



Random House™ 
Electronic Encyclopedia 

Features inc lude: 

• 10 megabytes of instantly accessible information 
on 20,000 subjects with a 6.000 year span. 

• Table of contents divides information into 
categories (music, science, geography, law, 
religion, sports, leisure, and the arts. ) 

• 8K RAM memory Note pad for personal notes, 
phone *s. shopping lists, etc. 

• Bookmarks/Calendar/ Alarm/Calculator/Clock 
are built-in features. 

• Expandable Cartridge slot that allows adding 
new capibilities that will be av ailable later this 
year - Dictionary and berlitz Translator. 

• 8 line 320 character display. 

• Measures 3-4" x 6.1" x 0.9" and weighs 10 ounces. 

• Conveniently powered by 4 AAA batteries (not 
included.) 



CALL 1-800-639-9505 AND ASK FOR DEPT. 6CEE OR FAX YOUR ORDER 1-207-783-3041 
WRITE TO TMM BY MAIL, DEPT 6CEE, P. O. BOX 821, 550 LISBON ST., LEWISTON, ME 04240 

We accept Mastercard, Visa and American Express or send a check or money order. Please include S-t.OO for shipping and 
handling per item. Residents of CA. CO, DC, FL, GA, MA, MO, RI, VT and NY must include the applicable sales tax. Allow 2 to 4 
weeks for delivery. Canadian customers must include an additional S5.00 per order. If you just can't wait, your order can be 
shipped in two to three business days for an additional $8.00. Customer satisfaction is guaranteed. 



THE BEST BUYS IN SPIRAL STAIRS! 

METAL OAK VICTORIAN 



VICTORIAN 




"F O B. Broomall, PA Other Diameters, floor-to-floor heights, and Welded Units available. Made in the U.S.A. 



EASY TO-ASSEMBLE-KITS (Metal 

Kits in stock for immediate shipping or pick-up) 
NOW! SHOWROOM/WAREHOUSE LOCATIONS IN: 



Broomall, PA 
Pomona, CA 
Sarasota, FL 
Houston, TX 
Chicago, IL 
Stamford, CT 



(215) 544-7)00 
(909) 598-5766 
(813) 923-1479 
(713) 789-0648 
(708) 952-9010 
(203) 325-8466 



Call or Write for Free Color Brochure: 
Toll Free: 800-523-7427 Ext. PS33 The Iron Shop, 
Dept PS33 . Box 547, 400 Reed Rd.. Broomall, PA 19008 

Specify: Metal Oak Victorian 

Name 

Address 

City State Zip 

MasterCard ■ Vita • Amex • Discover 



From the Leading Manufacturer 
of Spiral Stairs 



THE IRON SHOP 

©The Iron Shop 1992 



DIGITAL VIDEO STABILIZER 

ELIMINATES ALL VIDEO COPYGUARDS 

While watching rental movies, you will notice annoying peri- 
odic color darkening, color thin, unwanted line*, flashing or 
jagged edge*. This u caused by the copy protection jamming 
signals embedded in the video tape, such as Mmuwiiun copy 
protection. The DIGITAL VIDEO STABILIZER: RX2 com- 
pletely ELIMINATES ALL COPY PROTECTIONS and jam- 
ming signals and brings you crystal dear pictures. 

1 year warranty. 

30 Day Money Back Guarantee. 



( $5 PAH ) (■■■ki^HkvialHHKai 

VISA. M/C, ffl gj :'M 

COD. — JafaTafg 

1-800-445-9285 

FREE 20 Page Catalog Call M-F: 9-6 est. 

ZENTEK CORP.. Dept CPS033 
3670-12 WEST OCEANSIDE RD, OCEANSIDE. NY 11572 



CABLE TV CONVERTERS 
How You Can Save Money 
on Cable Rental Fees 




LOWEST PRICES GUARANTEED! 
Panasonic, Jerrold, Pioneer, Scientific Atlanta 
FREE 20 Page Catalog/Best Prices 

30 Day Money Back Guarantee 
Call Toll Free Mon-Fri 9-6 EST 

1-800-772-6244 

US Cable TV Inc, Dept KPS033 
4100 N. Powertine Rd. Bldg. F-4, Pompano Beach, FL 33073 



Secret Much 6 spy plane 

[Continued from page 98] 

are not very efficient at speeds less 
than Mach 2.5. Therefore, Aurora 
needs some other system to reach this 
speed. 

There are two clues to the way Au- 
rora's designers solved the low-speed 
propulsion problem. The team for the 
X-30/National Aerospace Plane 
(NASP), though tight-lipped about the 
"accelerator" portion of the NASP en- 
gine design, has indicated that it func- 
tions as a ducted rocket in parts of its 
operating cycle. The second clue is 
that Aurora has been associated with 
two unusual noises: very-low-frequen- 
cy pulsing sounds and an extremely 
loud roar on takeoff. 

Rocket-assisted ramjets 

The surging or pulsing sound is as- 
sociated with a class of standstill-to- 
hypersonic "combined-cycle" propul- 
sion systems invented in the late 
1950s and shrouded since then by ob- 
scurity rather than security (see The 
Combined-Cycle Ramjet Engine). 
Czysz, who studied combined-cycle en- 
gines for hypersonic aircraft while at 
McDonnell Douglas, says that their 
performance is remarkable. "They go 
like scalded rabbits," he says. 

According to Dr. Fred Billig at the 
Applied Physics Laboratory of Johns 
Hopkins University, who experiment- 
ed with the combined-cycle engine in 
the 1960s, one of the attractive fea- 
tures of this engine is that it delivers 
high thrust per unit of frontal area, a 
drag-reducing characteristic helpful in 
pushing efficiently past the sound bar- 
rier. Most important, the combined-cy- 
cle engine can recover energy that 
most engines throw away. By using 
cold fuel to cool the airplane's struc- 
ture and engines, for example, the sys- 
tem converts heat into mechanical en- 
ergy used to supercharge the ramjet 
and generate additional thrust. 

Super-cold fuel 

Even though Aurora is 80 to 90 feet 
long, which is about 20 feet shorter 
than the SR-71, it could weigh more 
— as much as 170,000 pounds when 
fully loaded. A clear two-thirds of its 
total mass would be fuel. 

Choosing the right fuel was crucial 
to Aurora's design. Because various 
sections of the craft will reach cruis- 
ing-speed temperatures ranging from 
1,000°F to more than 1,400°F, its fuel 
must both provide energy for the en- 
gines and extract destructive heat 
from the airplane's structures. This is 
done on the SR-71, but at hypersonic 
speeds even an exotic kerosene, such 
as the special high-flashpoint JP-7 fu- 
el used by the Blackbird, cannot ab- 
sorb enough heat. The solution for 




Be your own 
weatherman. 

Why wait for a professional weather report 
when you can have it at your fingertips 
anytime you want. The Weather Monitor II 
offers the most complete state-of-the-art 
weather monitoring system you can buy. 



FEATURES INCLUDE: 

•Inside & Outside Temps 
•Wind Speed & Direction 

• Inside Humidity 
•Time & Dale 

• Barometer 
•Wind Chill 
•Alarms 




•Highs & Lows 

•Instant Metric 
Conversions 

•Outside Humidity 
& Dew Point Option 

•Rainfall Option 
•Optional PC 
Interface 



\\\\}\m Monitor 

The Professional 
Home Weather Station 



Order today :1 -800-678-3669 • PS627B 

M-F7 am. to 5:30 p.m. Pacific Time • FAX 1 -5106700589 
WC and VISA • One-year warranty • 30-day money-back guarantee 

INSTRI MEMS Ufn Dneti" Aw , Harvard, CA 94545 
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Aurora is a cryogenic fuel — a cold li- 
quefied gas. 

The best candidates identified so far 
are methane and hydrogen. Liquid hy- 
drogen provides more than twice as 
much energy and absorbs six times 
more heat per pound than any other 
fuel.. The snag is its low density, which 
means bigger fuel tanks, a larger air- 
frame, and more drag. While liquid hy- 
drogen is the fuel of choice for a space- 
launch vehicle that accelerates quickly 
out of the atmosphere, studies have 
shown that liquid methane is better for 
an aircraft cruising at Mach 5 to Mach 7. 

Methane (natural gas) is widely 
available, provides more energy than 
jet fuels, and can absorb five times as 
much heat as kerosene. Compared 
with liquid hydrogen, it is three times 
denser and easier to handle — inflight 
refueling has been studied and poses 
no problems. 

Aurora can fly at subsonic speeds 
because its entire body, which has a 
great deal of area, is a lifting surface. 
Also, its sharply swept leading edge — 
like the Concorde's wing — generates a 
powerful vortex at nose-high flight an- 
gles, which clings to the leading edge 
and boosts the body's lift. Unencum- 
bered by aerodynamic freeloaders such 
as a conventional fuselage, Aurora's 
shape is structurally efficient. It packs 
a lot of fuel and useful equipment into 
a relatively small volume that saves 
weight and minimizes friction drag. 

The spy plane's airframe may incor- 
porate some stealth technology, but it 
hardly needs it. Hypersonic aircraft 
are actually much harder to shoot 
down than a ballistic missile. Although 
a hypersonic plane isn't very maneu- 
verable in the traditional sense, its ve- 
locity is such that, within tens of sec- 
onds, even a gentle turn puts it miles 
away from a SAM's projected intercep- 
tion point. So why bother with stealth? 

Having refueled a second time from a 
tanker over the North Sea after its 
Mideast photo session, the black plane 
heads west at high altitude across the 
Atlantic Ocean, North America, and 
beyond the California coast. Decele- 
rating and descending above the Pa- 
cific Ocean, the craft drags a sonic 
boom over the water behind it. 

As it turns back toward its Nevada 
base, part of the inevitable shock wave 
bends through the upper atmosphere 
and rumbles across Southern Califor- 
nia as Angelenos are getting ready for 
work. "There goes another one," they 
say, wondering whether it's a minor 
earthquake or "that plane we hear 
about." Time elapsed from takeoff to 
landing: 6.5 hours. Distance traveled: 
15,500 miles. BE 



vny ii liuves legwork v 
flatten your stomach. 

j can't reduce stomach a. Adjustable Arm 



You can't reduce stomach 
fat by exercising abdominal 
muscles alone. 

Research has shown that 
exercises that work only 
the abdominal region 
are not effective. 
They simply don't 
involve enough 
muscle mass to 
burn the calories 
necessary to trim fat. 
Instead of flattening, 
they merely strengthen 
underlying muscles, 
providing no reduction in 
girth, fatfolds, or total body 
fat percentage. 



The exclusive 
NordicTrack® 
total-body 
aerobic 
exerciser is 
the most 
effective way to 
flatten your stomach. 

The total-body motion 
involves all your major 
muscles. Which means you 
burn more body fat in less 
time than with any other in- 
home exercise machine. 
And while you're at it, you're 
toning and defining those 
muscle groups, as well. So 
you feel as good as you look 

Models priced from $299 9 




Adjustable Arm 
Tension 

Adjustable upper-body 
exerciser works the 
major muscles of the 
abdomen, shoulders, 
back and arms for 
maximum aerobic 
conditioning. 



Electronic Feedback 

Speedometer displays elapsed 
workout time, speed, and distance 
traveled at a glance. 

Aerobic Efficiency Monitor 

Optional pulse meter provides digital 
readouts of pulse rate and elapsed 
workout time. 

Adjustable Leg Tension 

Adjust machine to precisely meet 
your conditioning and weight 
loss requirements. 



Adjustable Legs 

Raise the front of the machine 
to intensify workout. 



Patented Flywheel 

One-way clutch mechanism 
provides continuity of motion, 
making vigorous exercise more 
pleasant and easier to sustain. 

Non-Jarring Motion 

Smooth, jarless aerobic motion 
ensures maximum workout efficien- 
cy while minimizing the risk of injury 
to knees, shins and back. 

Free information. 

Call today. We'll send you a free 
brochure and video that describe how 
a NordicTrack exerciser can flatten 
your stomach and make 
you look and feel your best. 

to $1,29$" 



( for a 1 7 REE Video and Brochure 



30-day in-home trial , 1-800-328-5888 

Wordicfrack 
m A CML Company 

The World's Best Aerobic Exerciser* 

©1993 NordicTrack, Inc.. A CML Company • All rights reserved 



Ext. 
280C3 

or write: NordicTrack, Dept. 280C3 
104 Peavey Road, Chaska, MN 55318 

□ Please send me a free brochure 

□ Also a free VMS videotape 

N a me 



OWN A MACHINE SHOP 

Do your own machining and shop work with a 
Smithy 3-in-1 Lathe • Mill • Drill 




FIX IT YOURSELF! 

Easy to use! 
Save Money! 
Save Time! 
As low as $995 



For FREE I 

Call: 
1-800-345-6342 

(Ask for operator PS 



or write: 
Smithy Dept. PS 
Lathe • Mill • Drill 
3023 E. 2nd Street 
The Dalles. OR 97058 
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486 32Bit VESA 



Only $1999 



486DX-50MHZ Intel CPU 
Full-Tower case 230w 
4mb RAM 

TEAC 5.25- S 3.5" FD 
2 ser, 1 par, 1 game 
imb XVGA card, 32 Bit 
16.7 mllbn color 
14 m SVGA monitor .28 
20Omb IDE hard dtsk 
w/ 32 Bit controller 
DOS 5.0 » Window 3. 1 
Mouse, 101 Keyboard 




ORDER: 1-80O2384453 



T£L(816)727-9054 FAX:(618)727-9064 
21820 NorcffKrfMA. Chahwoflh, CA 91311 

Bason Computer Systems, Inc. 



ADD $1 60 FOR DX2/66, CALL! 




EXPLORE 



CUTTING EDGE OF TOMORROW 




w 




'hether you're an 
amateur or an expert, 
curious or concerned, 
Science & Technology 
Week takes you to the forefront of 
technology as anchor Miles O'Brien 
brings the world's recent 
discoveries to CNN. 
From the outer reaches 
of the galaxy to the dark 
depths of the ocean, you'll always 
find an intriguing variety of stories. 
And in our "What's New" segment, 
CNN, along with Popular Science 

magazine, explores the 
latest innovations. So 
tune in today... and take 
a look at tomorrow. 



Saturdays 
ll:00am(et) 

Sundays 
12:30pm(et) 





A house for all reasons 

[Continued from page 71] 

reduce energy costs or are more envi- 
ronmentally sound include: 

•WaterMate electronic metering de- 
vices. These small self-contained digi- 
tal gauges can be installed on water 
lines, faucets, and sill cocks or irriga- 
tion systems. They measure flow vol- 
ume in gallons, liters, or cubic feet; 
track water use by the hour or over 
months; and store and show informa- 
tion on a liquid-crystal display. 

• Kohler water-management soft- 
ware. This program for personal com- 
puters helps homeowners keep track 
of water use at every outlet. 

• Broan Sensaire motion-detecting, 
humidity-controlled fans in each bath- 
room. A light turns on when someone 
enters the room or shower, and a fan 
operates automatically when humidi- 
ty increases. 

•A Briggs Turboflush 1.5-gallon toi- 
let. This one-piece pressure-activated 
unit is installed in the frequently used 
downstairs powder room. 

Kids' "office" 

Inside the house, electronics work 
together to educate, entertain, and 
provide convenience. A past example 
of this was the conversion of one room 
into a home office. But homeowners 
with young, growing families also take 
a special interest in their children's 
education. The learning center ad- 
dresses that interest by creating an 
updated, electronic version of a home 
office for kids. 

The focus of this study and work 
area is Apple Computer's Macintosh 
Performa 600 CD personal computer. 
This computer greatly expands the 
software base and capability of word 
processors with its built-in CD-ROM 
drive. Compact discs can store virtual- 
ly unlimited libraries of information, 
as well as provide full-motion video, 
audio, and photography to accompany 
texts. 

With this setup you can rapidly 
move between software files and CDs 
and interact with the information to 
ask or answer questions or view pho- 
tos and movie clips of the material. A 
small sample of the educational soft- 
ware and CD titles in the learning 
center includes Renaissance Masters' 
Electronic Library of Art, Wordstar's 
Complete Works for Writing, and the 
Macintosh edition of the American 
Heritage Dictionary with Thesaurus. 

Another educational device in the 
study area is a Laptop Teacher Super 
Computer, a coaching tool with a digital 
voice synthesizer. Voice cartridges con- 
vert English to French, Spanish, 
German, or Italian to quiz kids in gram- 
mar, math, history, and geography. 



A house for all reasons 

[Continued from page 102] 

Electronics don't have to be all work 
and no play, however, even in a learn- 
ing center. The hottest new video 
games are also on CDs, and they're just 
as mind-boggling as the educational 
discs. The Sega Genesis CD allows 
players to alter movie plots and inter- 
act with actors in lifelike situations. 

Not just kid stuff 

The latest technology showcased in 
the New American Home is not just for 
kids, of course. The house itself was 
plotted on computer-aided design 
(CAD) equipment. "A number of suppli- 
ers had computer applications for their 
products — skylights, windows, plaster 
finish, toilets, etc. — and we were able 
to plug these into our CAD design," 
says architect Jan Van Tilberg. 
"Having the floor plan on computer al- 
so made it possible for us to easily mod- 
ify the layout." 

AT&T Videophones lend a futuristic 
touch in the house, and digital, cordless 
Escort 900-megahertz phones from 
Cincinnati Microwave use spread-spec- 
trum technology to enable family mem- 
bers to roam up to a half-mile from 
home — with no loss of signal. 

On the entertainment front, ad- 
vances in audio and video such as im- 
proved-definition TV and Cinema 
Screen 16-to-9 aspect-ratio TV, both 
from ProScan, make the home's first- 
and second-floor bedroom suites the 
kinds of havens that are hard to leave. 
The family room holds a home theater, 
interactive CD, and digital sound sys- 
tem (see Sound Effectiveness). 

But the practical side to electronics 
can be just as interesting for would-be 
home buyers — especially the hands-on 
types who can't resist "tweaking" their 
interior environments. 

Carrier's new inVironment heating, 
ventilation, and air-conditioning sys- 
tem, for example, allows for near-infi- 
nite variations in room-to-room cli- 
mate control. A central processor 
continuously monitors and regulates 
the system's Comfort Zone network of 
electronically controlled air ducts and 
temperature sensors located through- 
out the house. When signaled by the 
sensors, powered dampers within the 
ducts adjust the flow of heated or 
cooled air to individual rooms. 

For each of the home's two zones, 
this system includes a high-efficiency 
Synergy 2000 air conditioner, which 
can idle down to run at half its normal 
energy use when cooling demand is 
low. Rated at 12.6 and 12.3 SEER 
(Seasonal Energy Efficiency Rating, a 
measure of cooling efficiency), these 
two units operate well above the new 
mandated minimum 10-SEER level. 



transform Your Idea Into 
A Powerful Business Plan 




Version 4 



plan 



here's How 
BizPlanBuilder 
Works for You 

Because it's much easier 
to edit than to write from 
scratch, BizPlanBn/7der 
provides over 90 pages 
of pre-formatted text and 
spreadsheets in template 
form on diskette. Special 
prompts ask you 
questions and make 
suggestions, so you can 
easily and quickly 
articulate and organize 
your ideas into a 
compelling presentation. 
Plus, it comes with a fact 
and idea packed book filled with 
tips and techniques to make your 
even stronger. 

Saves Time 

BizPlanBi/iWer is a fast, proven tool for 
creating a professional business plan in 
a small fraction of the time it would take 
from scratch — and for only about the 
cost of a business dinner. Instead of 
struggling with "How to say it," you'll 
get right to the heart of the key issues. 
You'll look more professional and 
present your ideas with confidence 
and clarity. 

Gain Credibility 
And Earn Respect 

Imagine presenting investors, bankers, 
or upper management a comprehensive 
document that answers all their ques- 
tions and anticipates their concerns. 
You'll gain their respect, capture their 
interest, and have a much better chance 
of selling and funding your idea. 

"It's excellent — just the thing we need. 
BizPlanBuilder has saved us about 90% of 
the work. It's tremendous and it looks good." 

— A. Armstrong 



BizPlanBw/fcfer 



launch A 
New Product, 
Service, Or +~ 
Company. ►♦JJ 




Get Results 

"It helped structure 
my thinking even 
though I've written a 
number of business 
plans. I probably 
saved 40 hours, if not 
more, and it really 
helped me get started. 
That's always been 
the liardest part. 
It only took us about 
four months to get 
$3 million using 
BizPlanBuilder. 
My CPA really 
liked it, too." 

- J.S. 
Fort Worth, TX 



"You're crazy if you don't use 
BizPlanBuilder, knowing the time it can 
save you. It's well thought out, well 
organized, and the linked financials are 
outstanding. What's the difference between 
a good plan and a bad plan? The good plan 
gets funded!" 

— Mike Betz, 

Tendercare Learning Centers, Lilbum, GA 



30 Day Money-Back Guarantee 

i 

Don't let the lack of a plan hold 
you back. Order today! 

Call 1-800-346-5426 

Only $129 and FREE 2nd day air. 

(CA residents, please add $10.64 tax.) 

□ PC (DOS/Windows) □ Mac 

Name 

Company 

Street 



City 

Phone 



State 



_Zip^ 



Credit Card * 



-Exp. 
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JIAN 

127 Second Street 
Los Altos, CA 94022 
415-941-9191 • FAX 415-941-9272 

Dept. 1017 



The Quality Alternative 
To High Cost Boats 



SE GT-15 Inflatable Boat 
> • Holds 5 adults • 15 HP 

11' 8" long 




Why spend 
Si, 000 or more 
for a boat? Our Sea Eagle GT-15 inflatable 
boat doesn't need a trailer, goes safely over 
20 mph and costs far less to buy or use. 
Call or write for FREE BROCHURE: 

1-800-852-0925 m3S%Ses? 
SER ERGLE^- 

200 Wilson Street, Dept. PS-33B 
Port Jefferson Station, NY 11776 



Control Water Weeds 

Amazing Underwater Harvesting Tool 
the WATER WEEDER Harvester 



Cut aquatic vegetation from a boat, from 
a dock or simply by wading in from shore 
"Works just like a hedge- 
trimmer underwater. 
Call or write today for TREE 
information package. 
TOLL FREE 
1-800-552-1217 
Waterside Products Corp. 
P.O. Box 876B, 
Lake Mahopac, 
Mew York 10541 

Satisfaction 
Guaranteed 
or money 
back! ^ 



Recycled Paper 
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Strength Training ////// Aerobics 
All in One Hot New Machine 

You Can Have it All with the NordicSpnrt MultiTrainer 



Now there's a complete sports-training workout that gives you aerobics and strength training all in one 
revolutionary machine — the Nordi6port " MultiTrainer ". It's the fastest, 
easiest way to get your body ready for peak performance! 

Sit back and shape up with a calorie-burning, 
energy-building aerobic workout. 

The comfortable recumbent position lets you strengthen 
your heart and lungs, burn calories, reduce stress and 
improve your overall health! 

Strengthen and tone your muscles 
with an upper-body strength trainer. 

Patented isokinetic resistance gives you 
strength, improves your sports performance, 
shapes and tones your body, and increases 
flexibility and agility. 

Or, do both at once for an advanced workout! 



^3 




Best oi all... 
it's from 
NordicTrack! 



jfi o r d i c s i 


o o r t 




m 


h y Nordic/rack 



For a FREE Video and Brochure, 



□ Please send me a tree brochure i_i Also a free VHS videotape 



a l 800445 2231l,c 3 



Street . 



or write: NordicTrack, Dept. 66TC3 
1 04 Peavey Road, Chaska, MN 5531 8 aty 

30-day in-home trial 



3tate 



_Zip_ 



Phone (. 



.1993 NordcTrack. Inc . A CML Company • All ngtns reMived 




Stamp Out 

Bad Video Tapes,,. 

FOREVER! 



WITH A STABILIZER! 

■r 



• Restores Picture Quality 

• Eliminates All Distortion Caused By 
Copyguard Protection 

• Comes In Super VHS Or Regular VHS 

• Works With ALL TVs, VCRs, and 
Monitors 



© b o 

(U a thu ag * 



Clearlmage JfgJJ 



Video Stealth $85.95 

Ml liKllllk.l 



• Easy To Hook Up 

• No Batteries Needed, AC 
Adaptor Included 

• 3 Year Warranty 

• 30-Day Risk-Free Guarantee! 



ORDER YOURS 
TODAY! 



1 800 624-1150 



ffltcfamtCy*' WARNING: Use of stabilizers to duplicate 
copyrighted video tapes may be against 



875 S. 72nd ST. Dept. V2(tt 
Omaha. NE 68114 certain federal and state copyright laws. 
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{Continued from page 105\ 

Likewise, home heating provided by 
two gas condensing furnaces, rated 93 
percent and 91.5 percent efficient, 
beats the 78 percent mandated effi- 
ciency. (The units are sized slightly 
differently to accommodate the two 
principal house zones.) In addition, 
the system includes electronic air- 
cleaning and humidification. 

The home's electrical grid also has 
been enhanced by adding a number of 
new products. Unlike the "smart" elec- 
tronic home systems coming to mar- 
ket, which require expensive propri- 
etary wiring and fixtures, the New 
American Home relies on standard, 
off-the-shelf items. 

Advanced Control Technologies wall 
switches are power-line carriers that 
can be programmed to change lighting 
functions or act as light and appliance 
timers. The switches can also trans- 
mit and receive control signals to and 
from different parts of the home. 

Even the basic house wiring is not 
so basic. An Elan HD system from 
Square D networks the home's highl- 
and low-voltage telephone and coaxial 
lines. This system enables residents to 
control the various audio and video 
equipment scattered from any room in 
the house; to send audio-video signals 
from one room to another; to use front- 
door-mounted minicams to view vis- 
itors on any of the home's televisions; 
and to use the home phones as pagers 
as well as intercoms. 

All of these functions are tied togeth- 
er by a Maestro home-control system. 
Its powerful microprocessor "brain" al- 
lows users to consolidate and access 
the many operations of the home 
through television-type hand-held re- 
motes, wall-mounted key pads, or any 
touch-tone telephone. Reprogramming 
any function in the home — from reset- 
ting room temperatures to reconfigur- 
ing light-switch operation — is done 
using preset codes or TV-screen menus. 
The Maestro system also has its own 
sensors for door and window security, 
automatic lighting, and outdoor sprin- 
kler operation. 

Tours of the 1993 New American 
Home are available to industry profes- 
sionals attending the Home Builders 
show, and the house will be open to the 
public for a short time following the 
convention. After that, it will be sold for 
an anticipated $360,000. According to 
Lewis Homes, its construction cost was 
higher than that of a typical 3,000- 
square-foot production home of equal 
size, a fact reflected in the semi-custom 
nature of the house. "It's expensive to 
build as a production home," notes Leah 
Bryant. But even at that price, she 
added, the house is still a bargain. DS 
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Copyrighted material 




Men and women tired 
of working to make 
someone else rich. 

It's a fact Most businesses pay you as little as 15% of what 
you earn for them. Your hard work is making someone else rich. 
But it doesn't have to be that way. Now there's a way to get every- 
thing you deserve. Start your own money-making business. Foley- 
Belsaw can help. We'll get you into one of these lucrative fields 
where a shortage of qualified practitioners exists. Our professional 
courses give you everything — including tools — to start a full- or 
part-time business in one of these fields...with absolutely no risk! 

You don't need experience — just a desire to succeed. 
Earn profits right away while you learn. Make up to $39.95 an 
hour. Be your own boss. Build the business you've always dreamed 
of. We'll get you going for a start-up investment of as little as $25! 



Choose from these money-makers. 

Small Engine Service and Repair. There are 65 mil- 
lion small engines in use today — but few people are 
qualified to service them. This is one of America's 
fastest growing industries. Foley-Belsaw uaining lets 
you cash in on it. People will pay you top dollar to 
service their lawnmowers, tillers. edgers...the list is 
endless. 

Locksmithing. With crime zooming, lucrative regular 
lock and key business has multiplied a thousandfold. 
This Foley-Belsaw course gives you everything you 
need to start your own locksmith business — includ- 
ing a Pro Key machine at no extra cost! 

Professional Woodworking. Build over $3,000 worth 
of valuable furniture and woodworking products 
while you learn! You get tools, materials and time- 
tested secrets of master craftsmen. Handle challeng- 
ing projects ranging from custom-made furniture to 
construction of the most intricate of jewelry boxes. 

Upholstery. There are over 401,950,000 pieces of fur- 
niture in America — furniture that will need recover- 
ing and repair every five to ten years. Take this 
course and you become one of the few individuals 
that companies pay cash to restyle and upholster 
these pieces. 

Professional Saw and Tool Sharpening. Earn $200 a 
day! You get everything you need to master this craft 
— including your own professional Sharp-All 
machine. Carpenters, contractors and homeowners 
all need this important service. 




LISTEN TO WHAT OTHERS HAVE SAID: 

"I did $7,000 part-ume...I think I should make about $20,000 a 
year the way I have it planned." 

Gene Marvin, Shickshinny, PA 

"I'm not going to tell you how much I take in! Let's just say it's a 
thousand dollars a week. It's more; but use mat figure." 
M.M. Rearick, Apollo, PA 

Foley-Belsaw has been helping people start profitable 
businesses since 1926. If you're tired of working to 
make someone else rich — find out how we can help 
you. Send for your FREE Opportunity Kit today! 



Yes! Send me the following FREE Opportunity Kit 

( One kit per person only) 

□ Small Engine Service and Repair, Dept. 52230 

U Professional Saw and Tool Sharpening, Dept. 2 1 1 86 
i 1 Professional Woodworking, Dept. 43 1 80 

□ Upholstery, Dept. 80845 

□ Locksmithing, Dept. 12270 

/ understand there is no obligation and no salesman will ever call. 

Name 

Street 

City/State/Zip 



Since 1926 



Complete and return this coupon to: 
Foley-Belsaw Institute 

6301 Equitable Road / Kansas City, MO 64120 



If coupon is missing, write request to: Foley-Belsaw Institute, 
6301 Equitable Road / Kansas City, MO 64120 



Shoppers' Showcase 



A selection of products and services for Popular Science readers advertising rates for this section, write or call Diane Pahl, Direc 
are available directly by mail. Enjoy the fun and convenience of mail Response Manager, Popular Science, 1000 Town Center, Suit* 
order shopping. Please order directly from the advertiser. For 1830, Southfield, Ml 48075; (313) 350-3800; fax # (313) 350-3557 




DETHATCH WITHOUT DAMAGING 
TOW DETHATCHER 

• Digs out thatch • Aerates soil 

• Combs matted grass • Prepares 
seed bed • Fits all tractors 

FREE BROCHURE 
1-800-966-8442 

JRCO. Inc. • P.O. Box 22715-C • Minneapolis. MN 55422 



■ -Northern ^ 



Build your own 



DOME 

Pre tut dome home kits in o variety of floor plans up 
to 3,000 sq. ft. Complete kits start as low os S6, 1 20. 
Attractive, easy-to-assemble, energy-efficient. SI 2 for 
. new 1 00 page catalog package. Color video S8 more. 

^^TIMBERLINE GEODESICS 

201 5 Blake St., Berkeley, CA 94704 1 800 DOME HOME I 



RADON ALARM 



EPA Tested and Approved 
Real Time Continuous RADON 
GAS DETECTOR. Just plug 
it in and within 22 hours 
Radon Levels are Displayed, 
Updating Every 2 hrs. 
Thereafter. 

$165 

Add $6.Q0 Shipping & Handling 
VISA/MC ORDERS or send check 

1-800-845-6458 

RADON REDUCTION SUPPLY CO. 
P.O. Box 113 
Hawleyville, CT 06440 



Sleep Better On An Airbed 



Adjust Firmness 
to Fit Your 
Exact Needs 



• Research show 9V7, of back pain 
sufferers report Select Comfort 
gives them the back support they 
need to get a better night's sleep. 




Unique air-cushion 
design contours to your 
body, providing superior back 
support and comfort. 



Revolutionary Air Support System. 

Select Comfort's unique air support 
system lets you control the feel and 
firmness of your bed — simply by pushing 
a button. Your mattress can be firmer than 
the firmest innerspring or softer than the 
softest featherbed...helping you sleep more 
comfortably, reducing back pain and 
muscle aches, and providing true support. 
Change the firmness whenever you like to 
meet your exact preference. 

Variable Firmness = Great Sleep. 

You control the firmness of your bed — 
simply by pushing a button. Change the 
firmness as often as you like. Make your 
mattress hard as a board, or soft as a feather 
bed. The choice is yours. 





hcT^dTMdDDD 


Select Comfort provides proper back support and 
contours to vour body, distributing weight evenly. 


I T 


_L J_ 



Innerspring mattresses create pressure points 
and uneven support 




VVaterbeds rely on displacement and can cause a 
"hammock effect," bending your spine unnaturally. 



Adjust Your Side Separately. 

Inside the mattress are two air chambers. 
You can adjust your own side independently. 
With Select Comfort, you satisfy your own 
needs without compromise. 

Try Risk-Free for 90 Nights. 

Sleep on a Select Comfort for 90 nights. 
If you are not completely satisfied, return it 
for a full refund. 

Discover why 96% of Select Comfort 
users recommend it to their family 
and friends. 

"/ am a doctor and often come home exhausted. 
This mattress is the most comfortable Tve tried'.' 

Dr. Connie Horn, M.D., Clarksville, OH 

"The best mattress I've seen in respect to total 
body and especially spine support." 

Dr. W. F. Lenz, Mankato, MN 

"For the first time in years, we wake up without 
aches ana pains and have more energy!' 
Mr. & Mrs. Dennis Clevenger, Lawrenceville, GA 



Call now 
for your 



FREE VIDEO 



and FREE Brochure 

1-800-831-1211 




CORPORATION 



9301 75th Ave. N. Dept. 1252 
Minneapolis, MN 55428 
© Select Comfort Corp. 1993 



Deptl252 
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Northern 

1 Where the Pros and Handymen Shop 

1 -800-533-5545 

Sale Prices Good Thru 3/31/93 Key * 26459 



[ Save on cable rental feesl\ 

TV 



DESCRAMBLERS 

WE'LL BEAT 
ANY PRICE! 

JERROLD TOCOM ZENITH HAMLIN j 
OAK-PIONEER-SCIENTIFIC ATLANTA 1 

•24 HR SHIPMENTS! *QTY DISCOUNTS! 
MASTER CARD • AM EX • VISA • C.O.D. 

1-800-284-8432 

Have make and model number of 
equipment used in you area ready. 
I All Shipping & Handling Fees at Customers Expense. I 

CABLE WAREHOUSE 

1 1 01 1 7 West Oakland Park Btvd .Suite 515, Sunrise, FL 33351 J 
V. (NO FLORIDA SALES) Jf 



for making Ornamental 
Concrete Items 



Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 
secrets from the world's 
largest mold manufacturer. 



CONCRETE MACHINERY CO., INC. 



P.O. Box C99, Hickory, NC 28603 



Make s 25to $ 100 per hour 



with 



Yes. it s really possible t>y making ana 
selling bright colorful Badge-A-Minit 
buttons Buttons are proven 
money-makers at lairs flea mar- 
kets conventions, or anywhere 
people congregate They re 
last and easy to make with 
Baoge-A Mmit and inexpensive' 

Send lor a FREE Full color , 
catalog or send tor a 
Starter Kit only $29 95 i4£? 
plus $2 95 shipping (IL 
residents add Si 87 tax) 
Badge-A-Mlnit. Dept.PS393 348 North 30th Fid.. Box 800. 
LaSalle IL 61301. Phone 800-223-4103 




PROTECT YOUR VALUABLES! 



The TRACE MARK Im- 
presses your Identifica- 
tion code discreetly and 
permanently In most 
firm surfaces. Magnifi- 
cation reveals a clear 
Impression for positive 
ID. Recommended by 
police and insurance 
companies for: 

• cameras • Jewelry 

• electronics • firearms 

• etc. 




A Unique Gift Item 



MICROSTAMP CORPORATION 

I 2770 E. Walnut St. Tel. (818) 793-9489 
Pasadena, CA 91107 Fax. (818) 793-9491 
800-243-3543 



Low 

•149 W OS 




Now you can 
do something 
' about 
the weather 




Artual sizi>: 6V x 2V 



ur new Home Weather Sta- 
tion helps you plan your day, 
safeguard your family and prop- 
erty by alertingyou to local weather 
conditions that often vary from distant forecasts. 

Alerts you when wind chill threatens frost- 
bite. Tells you to secure outside belongings 
against unexpected gusts, protect plants against 
dangerous heat or cold, and much more. De- 
signed to far outlast all others, the ULTIMETER II 
gives you over 20 most-wanted features including: 

• Wind Speed 
and Direction 

• Temperature 

• Chill factor 

• Alarms • 
Highs / lows / 
times /dates • 
Metric / En- 
glish • Quick- 
Mount (no tools) masthead mounting • Fast, easy 
"Point & Plug" direction calibration (pat. pending) • 
40 ft. cord • Optional self-emptying rain gauge • 30- 
day money back guarantee • One-year warranty 

Home Weather Station only $179 

As above, without wind direction sensor $149 

Del. in US, add S8.25 -.hipping & insurance. NJ res. add 6% tax. 
V1SA/MC phone orders: 800-USA-PEET (872-7338). 
Or send check, m.o. or credit card no. and exp. date to: 

PEETBROS. COMPANY S^JSSftfSIf? 

W.AllenhurstNJ 07711 

Free Brochure Our 17th Year ■ ;mi Peei Bros e<>. 



MAKES YOU 
ALMOST 2" 



TALLER 



SIZES: 5-11 
WIDTHS: B-EEE 

FINE MENS' 
SHOES 




Looks just like an ordinary shoe, 
except hidden inside is an innermold 
which increases your height almost 
two inches. Choose from a wide 
selection of ELEVATORS® including 
dress shoes, boots, sport shoes and 
casuals. Satisfaction guaranteed. 
Exceptionally comfortable. Call or 
write today for your FREE color 
catalog so you can look taller in no 
time. 

TOLL FREE 1-800-343-3810 

ELEVATORS D 

RICHLEE SHOE COMPANY, DEPT. PS33 
P. O. Box 3566, Frederick, MP 21701 J 



New Electronics! Big Savings! 



Hidden Fence Pet Containment System 

High-tech way to keep your 



pet in your yard Approaching 
a boundary results in a mild 
correction for him. Safest 
system of its kind. Lets him 
move about your property. 
Transmitter, receiver/collar, 
500' of insulated boundary 
wire, flags and more. 
Item* 3665 s ~~ Q gg 
Sale J09 




Solar t-™- Security 




Motion-Sensing Solar 
Security Light with 
Remote Solar Panel 

Solar powered flood light 
monitors movement up to 
65' away. 15' cord. Automatic 
temperature and light 
control. Bulbs are included. 
Item* 33227 SCQ99 
Sale 



WIRELESS 
Driveway Monitor™ 

Sensor detects heat and 
motion within 50' and sends 
a radio signal up to 300' to 
receiver in your home. Uses 
a 9V sensor, 1 1 0V receiver. 
1 10V outlet. 9V battery 
not included. Item* 33168 



Sale 



'169 



99 





System 
Security with Alarm 

Guards area up to 100' away. 
Indoor-outdoor motion 
detector activates an 85 
decibel alarm. Just plug it 
into your wall outlet, needs no 
wiring. A/B code switches. 
FCC certilied. Batteries not 
included. 6' cord. 
Item* 3581 



Sale 



5 56» 



Solar Security Light 

Up to 12 hours of nighttime 
light on 6 hours of daylight 
chargingl 5" H x 9" W x 3" D. 
You can position solar panel 
12' away. With 4 bulbs and 
21" post. Item* 33432 




Gas 

Engines X r ' 

Thousands 
of vertical and 
horizontal engines in stock. 

Horizontal . 

5 HP Sale 5 ^ 99 

8 HP Sale^® 

10 HP sale^" 
Lowest Prices • 1000 s in Stock! 




1500 PSI 
Pressure Washer 

5.5 HP OHV. BIG 
cleaning power! Blasts 
3GPM at up to 140°. 
Low oil shutoff. 
Triplex plunger pump. 
30' hose, gun. 
Item* 157148 

S..e S 649" 



4000 Watt Generator 

8 HP Tecumseh engine 
has cast iron sleeve. Two 
120V and two 240Voutlets 
ltem# 16425 



Sale 



s 409" o> 




Shipping not included. 



Send or call for your FREE Discount Catalog! 
ORDER TOLL FREE 

1 -800-533-5545 

Fax: 612-894-0083 



Name, 



Address. 
City 



State 



.Zip. 



Key #26459 SEND TO: NORTHERN, 
P.O. Box 1219. Burnsville. MN 55337-0219 
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ENROLL HOW - GET 
UP TO 50% OFF! 



| YOU TRAIN AT HOME j 

Master the skills you 

need with NEI. Personal I 

service. Low tuition. I 

□ Bookkeeping ■ 

□ C Programming 1 

□ QBasic Programming ' 

□ PC Servicing . 

^m^>sm I 

1-800-552-0782 . 




Name 



Address 



I 

■ i|CI »epi.70l7-03< 

| W^je! Windom Placi 



City /Stale/Zip. 



I 



MDepL 70 17-0393 . 

^2929 Windom Place. Washington. DC MOW | 




All-Hydraulic \ 

MAG N ATRAC ! 

No Belts ... ALL HYDRAULIC DRIVE! j 
Use lor excavating, clearing, I 
landscaping, gardening, I 
logging.. .or work for I 
others for Extra CASH! ■ 

• CATALOG $1.50 j 

• VIDEO - New .. $9.50 | 
•Technical Manual.. $8.50 I 

STRUCK KIT. Box 307 . D.pt:PS33 ' 
CEDARBURO. WISCONSIN ^3012 ^* 



WOOD HEAT 



I 



WOOD FURNACES 
HEAT YOUR ENTIRE HOME 

Call 1-218-326-6786 or Writ* 

Charmaster® 

2307 C HWV 2 W. 
GRAND RAPIDS, MN S5744 



Ge tR 
From Back 
NeckRai 

The Back Machine" Masftres 
and Stretches Your Pain Away 
Right in Your Own Home! 

A Conservative 
Therapy, 

Comprehensively Applied 

The Back Machine combines the 
most effective ways to attain relief 
from back and neck pain into one 
easy to use, safe unit designed to 
help you return to a more normal, 
pain free life. And it feels good, even 
if you hurt. 

How TJte Back Machine Works: 

• Massage - Soft rollers massage muscles, 
increasing circulation, reducing muscle 
spasm, tension and stress. 

• Stretching - Muscles are passively 
stretched, increasing flexibility and reduc- 
ing pain. 

• Traction - Mild traction restores spine 
length and pliability, relieving disc pressure. 

• Mobilization - Restoration of movement 
occurs and promotes alignment of the spine. 

Five Years of Clinical Use 

Tested for over five years by 
doctors, physical therapists, and 
chiropractors, The Back Machine has been 
proven safe, effective, and 
comfortable. » 

60-Day Home Trial 

We're so confident you'll 
experience relief from 
back and neck — 
pain that we I 
offer The Back 
Machine with an 
unconditional 60- 
day money back 
guarantee. 

Call or Write Today For 
FREE BROCHURE 
AND VIDEO 

, 1-800-433-5599 

no i pnnius ififuff MftBf h \ m 




f 
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CABLE TV 
DESC RAMBLERS 

***** STARRING ***** 

JERROLO, HAMLIN, OAK 

AND OTHER FAMOUS MANUFACTURERS 

• FINEST WARRANTY PROGRAM AVAILABLE 

• LOWEST RETAIL /WHOLESALE PRICES IN US 

• ORDERS SHIPPED FROM STOCK WITHIN 2* HRS 

• All MAJOR CREDIT CARDS ACCEPTED 

ORDERS I INFORMATION 1'800-345"8927_y 



PACIFIC CABLE CO INC. 
7325'/; Reseda Blvd.. Dept. 1472 
Reseda. CA 91335 




CONSUMER ALERT! 



JecGuard 
Security System 

$49.95 Plus $3.00 SH 

Mastercard • Viaa 

1-800-753-1116 

24 hours a day, 7 days a week 
or acrid check or money order lo: 
Hightech mlemational 
P.O. Box 1339 
Winter Park, FL 32790-1359 



Where else can you 
get a wire- less remote 
control security sys- 
tem that displays red 
IXD lights to givethe 
effect of a personal 
bod yguard protecting 
your car and discour- 
aging break-ins 24 
hours a day. 

Sorry, No COD's. 
Allow 2 to 4 weeks 
for delivery. 



^TELESCOPES? WHY PAY MORE FOR Bh 

6" Astronomical Telescope Complete 
Ready-to-use Only $275 Other sizes 
available Send for free 34-page packet & 
telescope tester. 

COULTER OPTICAL, INC. P .0 Box K, Dept. P S 
L ^jdyllwild. CA 93349 Phone 1714) 659-4651 



FREE Satellite TV 

j^Ndf 1993 Bu.vcrs Guide/, ulalug 

"|b^ \ ✓ Trade-in Uiujuuk 
r^ksB ✓ Bo-il-Ycimdl Hits 

2316 ChanneTDrive 

Ventura, CA. 93003 805-652-0255 FAX 805-652-2190 

1-800-D 3 B 2 S 7 -4 S 7 A 2 T a 



SURVEILLANCE 



COUHTERSURVEILLAMCE Electronic Devices 
Miniature Transmitter Kits.. $29.95 
Voice Changers, Phone Scramblers. Vehicle Tracking, Phone 
Recording Systems. Bug & Phone Tap Detectors, & More! 



CALL IDENTIFIER device • displays callers phone number 
before you answer wilh dale & time of call... $49. 9S 



FOR CATALOG SEND $5.00 TO... 
P.O. Bok 337, Buflato, NY 14226 (716)691-3476 



ALL 
UNDER 



UNBELIEVABLE 

PRE-VIEWED 

U IDEOS I $ 

a USED VIDEOS 
State Subject, 



Ratings Desired 
Enclose $20 




'^1 Sr ~* 

11 



FREE VIDEOS 

Depl PS33 Box 85311 
Hollywood. CA 90072 



Now It Takes Only 12 Weeks To 
Get From "Before" To "After" 





Tan At Home! 




Home & Commercial 

WOLFF 
TANNING BEDS 




Call for a FREE color calalog 
ml uhobNik* pfxmg! 

1-800-462-9197 







IN?— 



GEODESIC , J>\ \^ 
DOMES JMMsk^ 

• Dome Home Kils. ^■ 1 *!*t . JTfBW. rT_ JUi^^ 

• Finest materials, precut. ready to assemble. 1100-4600 sq 

• Send $15 for beautiful. 100 pp. color catalog, floor plans, 
accessories & prices. Moneyback Guarantee 

GeoDomes Woodworks 

^6676 Indiana Ave .Depl A-JBo. Arlington, CA 92514 - Tel "14 354 2439^ 



Gas Refrigerators by 



• No electric 
A needed 
^"S^ w • Reliable 

cs€AArCK „ • Quiet 

Call or Write: Lehmans, Box 41, DepMGCD 
Kidron, OH , 44636-0041 (216/857-5441 ) 





LOCKSMITH 



MIN WNU rou LftAftN— 

Big opportuniiwt Big p-oMs Earn Quickly Full or part lima. Ltavn ai 
nome ft easy Do real |oOs while you i*arn All Tooat— MlfUto Sup- 
plied. Approved by Nj Depi of Education Send name and address for 
FREE DOOh No Mlatmm will call 

116 Fairfn4d Ro«d Fa.rfiekl NJ 0700* m T -» 

Dep: 111-033 



SINGERS! vocals^ 

Unlimited Backgrounds™ 

From Standard Records C CD's with the 
Thompson Vocal Eliminator" 1 Call for Free 
Catalog & Demo Record- ^^rfflM^Bfc 
Phone (404)482-4189 En 60 J^4^9^ 



Singer's Supply, Dept PS 1 . 

7986 Hiqhtower Trail J 
Uthonia, CA 30058 

24 Hour Demo Into Request I ! 

Line (404)482 2485 Ext 60 ■ 

Singr** Supply -M% Hw 




Enlarge Project Designs 



Craft Projector is Simple! Fast Accurate! . 

Adjustable «ns enlarges by fractions up to 27 ; tmes 'c I 
the we you wstt Copy irtrmed ideas tar oat design ™ 
Enlarge patterns, designs, portraits, still Mas. landscape I 
photos sides, designs on cons ana iewelry Proiects r 
exact colors Does not damage ongmal Simple msou 
tions Uses household current ano 60 watt bulb Sand 
St995pxjs$l.95srtopra 30 day money oacK guaranty 
Norton. Oept. GT-658Bo» 2012, New Rochelte, HY 1C802 



CABLE TV 

OESCRAMBLER LIQUIDATION! 



FREE CATALOG! 

Hamlin Combos $44, Oak M35B $60 (mln. S), ate. 



WEST COAST ELECTRONICS 

For Information: 818-709-1758 
Catalogs & Orders: 800-628-9656 



IF YOU'RE NOT 



IT ALL AWAY. 

[-800-CALL-EDF 



Q 
OS 

o 
z 



• 



Don — 


age 27 


Before 


After 


Body weight: 


Body weight: 


194 lbs. 


175 lbs. 


% Body fat: 


% Body fat: 


ll.V, 


6% 


Waist: 


Waist: 


33 inches 


31 inches 


Arms: 


Arms: 


12.5 inches 


15.5 inches 


Chest: 


Chest: 


40.5 inches 


44.5 inches 




YOU GET RESULTS FASTER. 

The patented isokinetic resistance of 
NordicFlex Gold " is so effective, 
you can build muscle 70% faster than 
with ordinary strength trainers. You 
can see impressive results like Don 
did in only 12 weeks! 

YOU GET A FASTER WORKOUT. 

The patented isokinetic resistance of 
NordicFlex Gold automatically 

adjusts to your strength level for a 
fast, effective workout. 



Since there are no awkward rubber bands or 
weights, your changeover rime between 
exercises is up to 40% faster than with other 
systems! 

Plus, the NordicFlex World Class ' Edition offers 
additional features to enhance your workout 
including the electronic performance monitor. 



FREE Video and Brochure 



Call 1-800-445-2360 Ext. 18KC3 



NordicTrack, Dept. 18KC3 

104 Peavev Road, Chaska, MN 55318 



30-day 
in-home trial 



Best of all. ..it's 
from NordicTrack! 



©1993 NordicTrack. Inc.. A CML Company 
All rights reserved 



|~ or write: 
I 

j J Send me a free brochure J Also a free VHS videotape 

J Name 

I Street 

J City State Zip _ 



Phone ( 



l 




By supporting this 
conservation initiative, these 
advertisers have themselves 
become part of the solution. 
They deserve your applause. 

Partnership for 
Environmental 
Education Program 



Times Mirror 
u Magazines 



This magazine, along with the other eleven publications of 
Times Mirror Magazines, wishes to commend the 
following public-spirited advertisers for their participa- 
tion in the Partnership for Environmental Education program, 
which was created by Times Mirror Magazines to encourage 
and attract the most qualified young men and women to the 
highest levels of the study of environmental problems and their 
possible solutions. 

Chevrolet 
Coors 

Edison Electric Institute 
Eljer 
Goodyear 
Kemp ComposTumbler 
Kmart 
Mutual of Omaha 
Reebok 
Toyota 
Troy-Bilt 
U.S. Steel 
Wal-Mart 




Product Information 



Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 



companies. The convenient order form will save you time and postage. 
Orders will not be processed unless accompanied by the $1 handling 
fee. For your safety, please do not send cash. 



301 Wood Stripper Many traditional strip- 
pers contain dangerous or flammable chem- 
icals. Woodfinisher's Pride is nonpoisonous 
and nonflammable and will remove several 
layers of coating in 30 minutes. To get the 
facts on this unique new product, call 1 -800- 
45PRIDE. Free brochure 

302 Window and Patio-Door Fact Book 

A full-color booklet from Andersen Windows 
provides information on creating custom 
combinations and patio doors, energy facts, 
planning a project, choosing a contractor, 
and basic size charts. It's a complete re- 
source on windows and patio doors. Free 

303 Stereo Equipment Cambridge Sound- 
works' catalog has specials on systems and 
components from Philips, Pioneer, Denon, 
and Cambridge Soundworks, including com- 
plete Dolby Surround systems starting at 
only $999. Free 

304 Hobbyist Catalog Edmund Scientific s 
1 1 2-page catalog contains more than 3,200 
products for the hobbyist, gadgeteer, and 
educator — featuring telescopes, weather in- 
struments, fiber optics, magnifiers, high-tech 
science toys, plus many items for science- 
fair projects. Free 

t 

305 Colorado Tourism Ski Colorado and 
see for yourself why Colorado is considered 
the best there is. Circle number 1005 for 
your Colorado vacation kit. Free 

306 Weather Stations Davis Instruments 
manufactures the world's smallest, most af- 
fordable weather stations. Different models 
measure wind chill, speed, direction, and 
more. Free 

307 Free Tips for Your Home If you're too 
cramped for comfort, the "Need More 
Space" brochure explains how to renovate 
an existing space or add a room. Certain- 
Teed Corp. (30-21-978). Free 



308 Window Ideas A brochure from Marvin 
Windows illustrates with photos and render- 
ings how window sizes and styles can im- 
prove your home's appearance. Free 

309 Fireplace Products Looking for quality 
fireplaces that combine energy efficiency 
and aesthetics? Send for Heat-N-Glo's 
brochure on built-in gas or wood-burning 
fireplaces, including see-through, three- and 
four-sided glass fireplaces and our direct- 
bent gas fireplace. Free 

310 Better Earth Stains, Sealers, and 
Toners Osmose Wood Preserving announc- 
es a line of high performance acrylic wood 
stains, sealers, and toners; a wood cleaner; 
and multipurpose, masonry, and stucco seal- 
ers that address clean air and solid waste en- 
vironmental issues. Free information 

311 Winter Survival Tool A 16-page 
brochure describes Ariens two-stage Sno- 
Thros and accessories. Two-stage power 
makes Ariens Sno-Thros powerful tools for 
winter survival. Free 

312 Water Weeder The Water- Weeder TM 
Harvester works just like a hedge-trimmer 
under water. It cuts a four-foot swath and 
can be operated from a boat, dock, or 
shoreline. Free brochure 

313 New! The Woodworkers' Store 

The 1992-'93 catalog, with more than 150 
new items, features domestic and exotic 
hardwoods, wood parts, specialty hardware, 
tools, books, and plans. Many exclusive 
items are hard to find specialties. Orders are 
shipped in 24 to 48 hours. $2.00 

314 Woodfinishing Tips Minwax offers a 
booklet with time-saving tips and easy how- 
to instructions. It includes details on beauti- 
fying and protecting new wood, plus restora- 
tion techniques for old wood. Many wood 
projects are outlined step-by-step. Free 



FILL IN COUPON AND MAIL TODAY 

POPULAR SCIENCE P.O. Box 1695, Riverton, N.J. 08077-7295 

Note: PoPUAJt Science New Jersey address is for Product Information only 

Please send the items checked below. I am enclosing $1 handling charge (any num- 
ber of items per coupon) plus amount required for priced items. Orders will not be 
processed unless accompanied by the $1 handling fee. Do not send cash. 



□ 
□ 
2 



301 
302 
303 
304 

i (please print) 
Address 



□ 305 

□ 306 

□ 307 

□ 308 



309 

□ 310 

□ 311 

□ 312 



C 313 $2.00 

□ 314 

□ 313 

□ 316 



□ 317 

□ 318 

□ 319 

□ 320 



315 Safety Mates This new line of personal 
protective gear features ergonomic supports 
for do-it-yourselfers and professional con- 
tractors. Safety Mates include back, wrist, 
tennis elbow supports, and anti-vibration 
gloves. The Safety Mates provide support 
and comfort while working. A brochure de- 
scribes common workplace hazards and the 
new Safety Mates line. Free 

316 Workout Equipment Nordic Sport 
cross-country ski and rowing sport Simula- j 
tors bring world-class engineering and 
state-of-the-art graphite composite together 

to create a workout that exhilarates the 
body and captures the senses. For infor- 
mation, call 1-800-445-2231 extension 
66TD2. Free information 

317 Gutter Alternative A two-color brochure 
from Rainhandler provides information on its 
patented alternative to gutters. It gently dis- 
perses the rain from the roof of your house. 
There are no downspouts, no clogging, no 
cleaning, and no trenching. Free 

318 Dome Homes Since 1969 Timberline 
Geodesies has been providing affordable 
easy-to-assemble dome homes all over the 
world. Mail in the coupon below or call 1- 
800-DOME-HOME for a brochure, "The 
Why, Which, What and How of Geodesic 
Domes From Timberline Geodesies." Free 

319 Pistols Find out why the remarkable 
Glock pistols are setting new standards for 
handgun simplicity, reliaDility, affordability, 
and safety. Send for the Glock semi-auto- 
matic, safe-action pistols and accessories 
catalog and also receive "The Basic Rules 
of Firearm Safety" booklet. Free 

320 Disposable Contact Lenses The first 
lens you never have to clean may just be 
the most comfortable lens you've ever worn. 
For a trial pair certificate call 1-800-652- 
5353 extension 25. Free 
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I AM ENCLOSING 

% $ for priced items 

$ 1.00 for handling 

$ TOTAL REMITTANCE 



City & State 



Zip. 



Please send check or money order made out to Popular Science. 



THIS COUPON EXPIRES MAY 31,1993 
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Classified Opportunity Mart 



SAVE $$$, ENJOY FAMILY 
with VACUUM HAIRCUTTER 

toes all styles. Tapers, layers; feathers, collects clippings. Great 
aircuts easy. You get it all: electric haircutter with precision-dial, 
ngled adapter for styling, adapter for pets, styling guide, hose with 
dapter for any vacuum, power supply, oil. Works well even with the 
weakest vacuum. Blades stay sharp for years, easy to change. Used 
World wide, Germany to Japan. MADE IN USA. The original since 1985 

As seen on TV 

now improved: 

• Precision-dial 

replaces loose parts 

• Angled adapter 

tapers and layers 

• Pet adapter 

for easy grooming 

• Quieter, lighter 




Vs seen on TV now for less 

: ull money back guarantee, 
/lail today: $79 plus $5 s&h to: 
loboCut Co-PC, PO Box 9596, Ft. Collins, Co 80525, USA 

^ii now 1-800-825-0139 visa/mc/d/cod 




CABLE TV "BOXES" 
WHOLESALE PRICES! 

CONVERTERS • DESCRAMBLERS 
REMOTE CONTROLS • 
ACCESSORIES 

FROM $9.95!! 
CALL NOW!! 

—GUARANTEED BEST PRICES — 
—BEST WARRANTIES— 
—IMMEDIATE SHIPPING — 
—GUARANTEED STOCK— 
—COD'S— 

LAKE SYLVAN 
SALES, INC. 

SORRY NO MINNESOTA SALES 

CALL FOR A CATALOG NOW!! 

800-800-4582 



he 



QJ55Gallon 




)LT FROM 
•LASTIC OBUM 
s untitle 
SV PIA»S 115 



Ages 
6-16 

Satisfaction 
Guaranteed 



< COMPUTER ERASE 
BAD CREDIT FREE 



'instantly r 

I Add tuns oCyMUd AAA C Wg in your cradt lie I 
"OVERNIGHT". 1 00% Legal HHailliaf-flKi r 
1-1 Gdd (PS) | 

■ I 7 3950 Vtnlun Bkd Swu272 a 

Sbvmm Oaks, CA 91423 J 




BUILD YOUR OWN 
ROCKET MOTORS! 



• UP TO 80 POUNDS THRUST! 

• USING SIMPLE MATERIALS! 

• FOR JUST PENNIES APIECE! 

Hnfticmiidi- riKtvel- u" timclhiT qukklt 1 

hoim-nudr Fertilizer duraaj fuel. MmtM 

n> IhiFtisanils .it rm: Nptt-ds hi M \< It I! 
\\ rile lor our catuliwut'. .and mi-' II send mhi .i 
tuirfcini: sampk «il j Twin* nude . I, un. r k. i 
en i it- r \M> if ji h n>u h«iw to nuki touroun 



li.inu in. lit. i.nktl mofOI i.iMii.--. .ill I 

nultriaK \ou'll find jround tout house 
SEND S2 00 TO 

Dept. PS3, THE TELEFLITE 
CORPORATION, 1 1620 Kitching, 
Moreno Valley, CA 92387 



CORVAIR 

Hot Rod. Buggy, or Stock We stock OVER 
8000 parts in our GIANT 400 page illus- 
trated catalog: Rushed - $5.00 
CLARK'S CORVAIR PARTS, INC. 
Rt. 2, Box PS, Shelburne, Ma. 01370 
_ it 1 3^625-9776 



• Money Back Guarantee 

• Quantity Discounts 

• All Makes & Models 

• Customer Satisfaction 



Order your FREE catalog today! 



Descramblers 



I he Best in 

Cable TV Equipment! 



Jerrold • Pioneer* Starcom 
Tocom»Oak»Hamlin 
Zenitfi # Eagle*Scienrific Atlanta 



C.O.D 



_M_ 



P.O. Box 241296 • Omaha, NE 68124 



1 800624-1150 




Cable TV 
DESCRAMBLERS 




The Most Complete Line of 
Descramblers , k 

Friendly, Professional 

Service ! 



co.d m 




FREE CATALOG 



1-800-228-7404 



Go to the Source 



K ELECTRONICS 



3250 Hatch Road 
Cedarpark TX 78613 




MOLD PLASTIC at home 

Astonishing results with simple tools !!! 



moid •rorr.iir. »»**> for Can, MmktHmg fM*pt*n. Slfma. 

St or* ilcfuomi, V»ndmg NMUm and mmn - 

v * Htfh Profit Opportunity * Clear Imlruttton* with Plena 

VaKuum Form m | and HMding Technique* >. 
•*| Production Trade Setrets Neve' Revealed Moi't... J ijt i 
_ ■» SOOKLTT. FLAMS *nd Fill rUttk imW.lt 1 a r ' 

' Wtlk MwVe Meet r— t#Wf Mt " 

|QeJy j 55 * I 4 faa SIX Viw W ftd money vdrn] Tl 



MatfPi GROUP . P.O. Bo* 452, Trors-Rivieres. Qc 

dividd. C9A SMS Phone/F m < 819 ) fcy W//6 



Automate Your Home 



Voice. Remote, & Infeliflent Aiitomaied Conlrol for Secunfy, Lights. 

Appliatw n, XudidrVisual & many other devices in your home. 
Making your new or existing home ~Smart~ is now easier and 

more affordable than you may realize Our easy to install 
systems (no reuiring rea ) guv you sophisticated automation 

at reasonable prices 
Free Catalog (800) SMART-HM (714 ) 642-6610 

Home Automation Systems 
21 Seascape Dr., Newport Beach, CA 92663 



AMAZING SHOVEL EXTENSION HANDLE 

■ reduce!* bending of back 

• for snowshovcling or gardening 
•quick installation 

• adjustable angle positions 

• strong, plated metal 
$9.99 + $5.00 p/h. check /m.o. to: 
iTD Mfg. P.O. Box 244. * 
141 Woodbridge Ave, 
Woodhndge. Ontario. Canada L4L IB I 
Caruulians apply applicable sales tax 44s WL Del. 




cable t.v.::. 
descramblers 

■LOWEST prices- ,:; c ;&„ 3 ';v 

Money Back Guarantee mpls., un 55449 

Big SALE SoVr^ 

Please have MODEL used n your area when callmg 

SSSS\ -800-535-1 843 



DEBRIS SHIELD 

A (ttvu used to improve aSe safety of a handheld acufar 
DESIGN ADVANTAGES: 

• Provides odoed jafefy and protection 

• Not a replocemenl for goggles 

• U S patented 

TO OK* It STATE BRAND NAME Of SAW 
MO061 NUMBtR SLZf OF SAW 

$19.95 pio. $2.50 Z'ZZ, 

Send Check or Money Order to: 
Mid-West Enterprises, Inc. 
P.O. Box 1463, Antioch, TN 37013 

'«"•!« odd 5 "-. lalet 'a. 




build A .. «»xWATER SWEEPER 


Cleans ^ 




Save., -time 


• DRIVEWAYS Vv 




• WATER 


• SIDEWALKS \\ 


• EFFORT 


• PARKING LOTS \ 




X\ PLANS 


ORDER NOW 1 


SStt $6.95 


ANDERSON DESIGN 




P.O.BOX 4057- E 






BELUNQHAM . WA 98227 




VBAWC 


TO ORDER CALL OR f 




Satisfaction 


FAX 1-8O0-947 7697 Q 




Guatanteed 



BUILD A BIKECAR 

The Amazing Mini Car You Can 
Build with Bicycle Paris! ^y- 
Electric Motor 
and Pedal 
Powered! 
Fun to Drive! 
Easy to Build! 

Fully Itluttntiil 4 delimit 

PLANS $12.95 

SltnUCI.nl IjMpjiM 0' MM Went, Bad 



Save Gai Have 
Fun Too 
Sill) 




IKECAR CORP 
P.O. BOX 72 
CALA. FL 32678 
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Popular 
science 



Classified Opportunity Mart 




With over 7500 customers from Americas' largest companies to the 
home-town, do-it-yourselfers, 
we make the best benders for the money available anywhere. 
For Full Illustrative Literature call 307-745-5999, or write 
LOCKDOWN SECURITIES, INC. 
605 South Adams St.. Laramie, WY 82070 



ft 



(WHY RENT 
$AVE! $AVE 



CABLE TV 
DESCRAMBLERS 

JERROLO • OAK • HAMLIN • ZENITH 
PIONEER • SCIENTIFIC ATLANTA 

READY-TO -SHIP! 

6 MONTH WARRANTY ! ABSOLUTELY 
LOWEST WHOLESALE / RETAIL PRICES ! 

MASTER CARD ■ VISA ■ AMEX ■ COD. 

FREE COLOR CATALOG ! 

1 (800)950-9145 



1470 OLD COUNTRY ROAD, SUITE 315-PS 

PLAINVIEW. NY 11803 
NO NY SALES 




SAVE Up To 40% 



Buy Factory Direct 



20x30 
25x50 
30x40 
40x60 



L7cci.Tn 03 T« 800-888-4606 



MOTORIZE YOUR SCOOTER... 

■ With Less than S100* in Parts 
available at a Mower Repair Shop 
and a Hardware Store' 

• Parts Kit Available • Easy to Build 
• Approx. Cap. 200 lbs. 

'Or less il you Uve a $as 
string Trimmer motor 1 

J M IDEAS. P.O.Boi 16159. 
Dept. P. Columbus. OH 43216 




VIRTUAL REALITY 



Unbelievable 3-D images are now possi- 
ble on prints, slides, video tapes, computers, 
televisions, photo CDs and virtual reality. 
FREE How-to Booklet and FREE 3-D Viewer 
with 3-D Sample Print Order. Only $7.50 from 
3-D Technology. P.O. Box 1377. Alexander, 
AL 35010. 



METEORITES! 

Buy • Sell • Trade 

ROBERT A. HAAG METEORITES 

Send $5 00 tor your 64 page, lull-color, brand-NEW 
ReM Guide * Meteorites Cost lelundat* witrt 
first purchase Authenticity 100% guaranteed 

P 08 27527 lucson A! USA 85726 ^ 





"COVER— IT 

'INSTANT GARAGES 

ALL WEATHER SHELTER 




STARTING SIQQ Protection tor: Cars Trucks 
AT: I Boats, RV't, Motorcycltt*. 

Paint Booths, Docks. Pools, Workshops. Govt A 
Industrial Contracts, Sand Blasting. Camp or 
Temporary Shatters. Walkways, Hot Tubs, and Mora! 
HEAVY DUTY Sleel Frame Durable Dupont Cover with 
Zipper Door Sizes available to 60 wide. 30 high, 100 
long Withstands Wind. Sun, Sap A Snow. lOOXWaiar 
Proof. Assembles and Anchors Easily No permit 
required Covers last up to 20 years. 
Stsrwto To Youn Door! Dcaoju and Expomtirs WCLCoawt 



l(SOO) 932-934«\ E«t. 
1(203) 562 860 1' 227 
1(3031 73S-0S5* 



• 3 v 
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PROTECT YOURSELF NOW! 

Send criminals a message! Personal 
safety alarm with built in Flashlight. 

Pull activator pin-sets off loud shrieking 
alarm Ideal tor seniors, loggers, students 
etc. Perfect tor home use. Convenient wrist 
strap-carry everywhere. Flashlight checks 
back seat of earmark keyholes. 

Don't wait Protect LOVED ONES NOW! 
Send $19.95 plus $3 00 S/H US funds to: Alarm Depi 023. 
P.O. Box 26035. St.John's, NF. Canada A1E 5T9, Order 
now and receive FREE guide to burglary protection. 



Cable TV Descrambler: 

JERROLD, SCIENTIFIC ATLANTA, ZENITH, TOCOM, PIONEER, HAMLIN, ETI 



We Guarantee your complete satisfaction with a 
30-Day No-Risk Trial Period. 

\* One Year Warranty on all 
^^^^^ ■ products IN WRITING ! 
^ — — ★ Buy 2 SAVE 10% ON SECOND UNI 




★ Easy to install instruction book 
with every order. 

* Friendly, courteous service. 

7914 W. Dodge fld. #334, Omaha, NE 6811 
For a free catalog or questions call: 



TKA 

ELECTRONICS 



1-800-729-1776 



party/cruise/campout 



Custom Truckbed Insert 
Seats 8, Bed Sleeps 3 
Quick/Easy Slide InrOut 
Comfortable Interior 
Convenient & 
Practical 



□ For Plans Send £10. 
MC IDEAS, P.O. Box 504 
MamiUe. VOH46* 




BALLOON LAUNCHER 



- FWC»*nC OUTDOC* W\JH FOP. ALL AOtl 

TO OftOU: Cell Toll Free 

1-800-441-1047 

' visa MC - a Mnd cluck to BLASTER 
1 11111 .inn Or .. Spring. HID. FL 34000 
Every Order Shipped Next Oeyi 
Hue* USA U.OOPIH MONtY IACX OUUUKTU 



all terrain vehicles 




BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 



mux AT , l7 

6 wheel drive /VI V 



Amphibious 
2 and 4 
passenger 
models 




(21 years olct and over. Please) 

Call Toil-Free 1-800-255-2511 

(From anywhere in Ihe U.S. or Canada) 

Recrcalives Industries, Inc. 

60 Depot Street, Buffalo, NY 14206 



ALTERNATE ENERGY 



FREE HYDROGEN FUEL and OXYGEN from 
water. Generator uses solar cells. Plans and Kit 
$15.00. F>rairie Power, 194-3803 Calgary Trail. 
Suite 1331. Edmonton, Alberta, Canada T6J 
5M8 

250 ELEGANT ECOLOGICAL TECHNOLO- 
GIES! AMAZING CATALOGI Send $2 .00. 
REXCO, Box 19250, Jean NV 89019 

FREE ENERGY! Fuel-Less Motors and Gen- 
erators! H&A, R2EPS Bowling Green. MO 
63334-9350 

SOLAR SWIMMING POOL HEATERS. Call for 
free pool heating guidebook. 1 -800-227-7657. 



FREE HEAT from WASTE 01 



Ml tree Very inexpensive Tested by Ef 
worldwide Heal shops and other buildl 
Forge, loundry and other u 
Send Sb 00 (relundablel loi 
tailed information & order b 
lor plans lor burner, heater 
and foundry furnace 

Waste Oil Plans. Oep 
Boi 1148. Fort Benton. 
140,000 btu MT 59442 




GIANT SOLAR PANELS $44.00! Cat 
$3.00 QUAD ENERGY, P.O.Box 690 
Flouston, TX 77209. (713) 893-0313. 

BUCKMINSTER FULLER: 54 PAGE ILI 

TRATED BOOK. NATURE'S GEOMETRY. 
FIED FIELD QUARK MODELS, SE 
CONTAINED. PORTABLE HOMES VTOL < 
ULTIMATE COMPUTER, FREE COOL 
FLOATING CITIES, GLOBAL ENERGY G 
$8.00. US FUNDS ONLY. ALLOW 6-8 WEE 
JOE MOORE. P.O. BOX 3978. SALINAS 
93912 USA. 

AWESOME SCIENTIFIC DISCOVERIES 

pressed by government/industry. $2 cat; 
Borderlands. Cs^UttrVwW. CA 95542-0429 

NEW1 BUILD AMAZING LIQUID PISTON 
GINE from pipe fittings Easy Plans Free i 
mation. ABCO. Box 306-S3, Seminary, 
39479. 

WILD CATALOGI— TECHNOLOGY S 
PRESSED BY GOVERNMENT CORPOI 
TIONS. Send $2. Chris. 7730 Blondo. Omj 
NE 68134-6608. 



ASTRONAUTICS 



30 ANTIGRAVITY METHODS! Amazing C 
log: Send $2.00. Rexco. Box 19250. Jean, 
89019 



BUILD YOUR OWN BACK TO THE FUTI 
HOVERBOARD! Newsletter reveals secret 
antigravity. Subscription $19 95 HOVERT 
Box 15413. West Palm Beach, FL 33416 



i SPACE SHUTTLE MEMORABIL 

T-Shirts - Hats - Patches - Pins 

Coins - Jackets 
and other collectibles relating 
to Shuttle Flights 
Send for Catalog ($2.00) 
MR. RICHAR0. Sales 
Box 693502 (Dept. PS) 
Miami, FL 33269 



BAZOOKA ROCKET LAUNCHER — SA 
LEGAL, SOLID FUEL. HEAR AN ACTI 
LAUNCH. (403) 420-6080; OFFICE (< 
452-4624. 

Copyrighted material 



ATHLETIC EQUIPMENT 



INTER WINDSKI Sail on snow and ice. Plans, 
s. Finished Product. Call: EVANS GSS. (313) 

S-2266. 



ARTS & CRAFTS 



ETTING Started In Stained Glass" $1 .00. 

Utemore. Box 2065X. Hanover, MA 02339. 



AUDIO & VIDEO EQUIPMENT 



EAKER FOAM KITS S22 95 pr All sizes, 
oaming, VISA/MC SIMPLY SPEAKERS 

100-767-4041. 



DO IT YOURSELF 
PEAKER REPAIRS 

im speaker surround 
ements from SAT 
m you twitfridi of 

hilars Ml vm including 



ttructnni $27 95 pan 

■ fill- SAT 
EPP AUDIO TECHNOLOGIES I 800 747 369? 
BOX I08B flAT NOCK. K 28731 VISA/MC 



AUTO SUPPLIES & EQUIPMENT 



TERNATOR Generator Rebuilding Book, 
ce: HV Technologies, 7505 Barkentine. Las 

gas. NV 89128. 



ild your own CAR SECURITY SYSTEM. Free 

ormation Yaretz. 200 Davis Cresent, Al- 
rgrove. British Colombia, Canada V0X1A0. 



AUTOMOBILES 



DVERNMENT SEIZED Vehicles from $100 
rds. Mercedes. Corvettes. Chevys. Surplus. 
.vers Guide. (1 ) 805 962-8000 Ext S-20025 



iPOH CARBURETOR TRIPLES MPG. Free 
ormation H&A, R2PS Bowling Green, MO 

334-9350 



25 DAILY "CHROME PLATING" AUTO 
IRTS. MOTORCYCLES, INEXPENSIVE, 

ISY, (FREE) information: Chrome-S. Box 

85. Waldorl, MD 20604. 



Automotive Fuel Hydrogen Generator 

Cars, Trucks, Semis 

Space Age 
Automotive FUEL SAVINGS 

,mulan ' EMISSION'S CONTROL 

DISTRIBUTORS WANTED 

(800) 225-9921 

Made in USA Money Sock Guarantee 




STANT windshield defroster. RAPID deicer. 
iver scrape any car windows again. At home or 
>rk. Guaranteed as advertised. $9.95 Ronco. 

35 W. Main. Ashland. OH 44805. 



AKE buying a new vehicle fun and simple 
ive thousands too. Send $11.75 to: BEST 

EAS. PO Box 34. Mukwonago, Wl 53149 



RUG SEIZED Mercedes, Fords, Porsches, 
ins. Trucks, houses: Seizures, Box 51488-YA, 
ntano, CA91761. 



YSIDER USED CAR SECRETS" Avoid mis- 
kes. Maximize profits. $10. Smith Brothers. 
1774 Hwy 31-E, Tyler. TX 75705. 

HEAP! FBUI.S. SEIZED 89 MERCEDES . . . 

200.86 VW . . . $50. 87 MERCEDES ... $1 00, 
5 MUSTANG . . . $50, Choose from thousands, 
tarting $50. FREE Information— 24 Hour Hot- 

ie 801-379-2929 Copyright » NY13GJC. 

iscount Hardware and Auto Parts. $1 .00 for 
atalog PAP, |nc. Box 616. Phoenicia. N Y. 

2464. 





AVIATION 




ILD YOUR OWN [ 

imple, low -cost 
nembly 

o license needed 
Bverkl helicopter 
its ft pluts avail. 


IELICOPTER! 

/ baekyald to open sites! 





alicopter Plans $ 14.951 

ell. Experimenter Book . . . $11,951 
II New Catalog/Kit Info. . . $10.00 
SPECIAL ! All 3 items: Only $19.95 J, 

Ad J %2 po«t*y. rofign *6d <S U.S. 



H£L1(P*FT . 



P.O. Box SO-A 
Riderwood, MD 21139 

Credit card order line I 410 583-6366 



HOMEBUILT HEUCOPTERS. 7 models, kits, 
plans. Information, $5.00. BW Rotor. Towanda. 
KS 67144. 



FLY LIKE A BIRD! 



500 ftU I ohaw OoVinci. ft* rMnon-powertd 
latiopW o 1 TVn> *f„k1i kghtant 

oho Phe IkM 
penwv* and taMtl to 
NbHtjiou carbon 
fib* and tpoxy conuructwrv 
Ul*i 100 hour, and In* 
than $1000 MC occ*p*«d 
Add 7% GST 

Info Pock age $10 Ptom $25 




09P* 



FI.gtiHpe.-d Aero S.itcmi Ltd 

Bo. 965. Sin "G," Calaory. AB 
Conodo TjA 2G3 



An Affordable. Persona. HELICOPTER 




age S15 
to «30 

■ 545 



• Easily Built In One Week 

• 95 mph Top Speed 

• Go Anywhere'! 

'Customer Servlc* or Oumtiona Revolution**/**** c*p 

^(816)792-1011 ::::/;,^;>r 

~Z. Ca* fig Crgdit Card Orders Only: 1-B0O-63-ROTOR 



AIRBOATS. Hovercraft. Airdrives, Propellers, 
Hulls, Engines, Plans, Accessories. Catalog 
$5.00. Arrowprop. Box 61 OP. Meeker. OK 74855. 



BEER & WINEMAKING 



FREE BEERMAKING BOOK Catalog Finest 
ingredients, last service. Make rich beer without 
additives or preservatives. (800) 852-9545. SPI. 

WINEMAKERS-BEER MAKERS Free Illus- 
trated Catalog - Fast Service - Large Selection - 
Visa/Mastercard - (816) 254-0242 KRAUS, Box 
7850-N. Independence. MO 64054. 

WINE MAKING COURSE — KITS- 
SUPPLIES. FREE Catalog: Chateau Myown. 
#227 18530, MACK, GROSSE POINT FARMS. 
Ml 48236. _ 

BREW YOUR OWN BEER. FREE CATALOG 
AND INSTRUCTIONS. B.Y.O.B., P.O.B. 1705S. 
NEW MILFORD. CT 06776. (203)350-BYOB. 

WINEMAKER— BEERMAKER: Free Illustrated 
catalog of supplies. Semplex. P.O. Box 1 1476H, 
Minneapolis, MN 55411. 

BEERMAKERSI Free catalog of supplies. 
Brewery. 1304 Quincy. Minneapolis. MN 55413. 
(800) 347-4042. 



BETTER HEALTH 



WATERWISE PURIFIERS homemade dis- 
tilled. (800) 874-9028. Box 45982, Center Hill, FL 
33514-0459 

HERBS — YOHIMBINE, PAU D'Arco and others. 
Catalog $1.00 (refundable). Jude Herbs, Box 
563PS, Huntington Station, NY 11746. 

ANCIENT INDIAN Herbal Remedy. Write: Box 
48086, 35 Lakewood Blvd., Winnipeg, Manitoba, 
Canada R2J4A3. 

MILLIONAIRES— patented machine shows wa- 
ter purifiers can also destroy entire species! Save 
yourself, build wealth! I already own incredible 
homes. Olympic sized indoor pool and spa, cus- 
tom Rolls Royce cars. Learn my secrets! Send 
$1. CRYSTAL CLEAR, Westbrookville. NY 
12785. 



BOATS, MOTORS & EQUIP. 



BOAT PLANS — PATTERNS — KITS — 

Unsurpassed selection. 168-page DESIGN 
BOOK — $4.00. GLEN-L 91 52 Rosecrans, Box 
1904/PS3, BeOTower, CA 90706. 31 0/630 6258 

PRECUT BOAT KITS — PLANS — PATTERNS 

— EPOXY — FIBERGLASS 

— SUPPLIES — 250 DESIGNS — 6770' — 

Powerboats — Sailboats — Hydroplanes — 
Tunnelhulls — Canoes — Kayaks — Dinghies — 
CATALOG — $2.50. BOOK "Amateur Boat- 
building" — $6.00. CLARKCRAFT, 16-7 Aqua- 
lane, Tonawanda. NY 14150. 



BOOKS & PUBLICATIONS 



Free Government Information — Almost 600 
sources! Scientific, Defense, Environ- 
mental, more. Sourcebook $15. Zonta 
Publishing, 1106 Fourth Avenue, Schenec- 
tady, NY 12303. 



MONEY MANAGEMENT FOR YOUNG 

ADULTS. Proven roadmap to financial indepen- 
dence. Great graduation gift! 152 pages. $18.95: 
Baron Publishing, Box 131 21 PS, Pensacola. FL 
32591. 

SAVE THOUSANDS Sell your home without an 
agent. Free Information. Corollary Publishing. 
4431 Lehigh Rd Suite 393. College Park, MD 
20740. 

EINSTEIN WAS WRONG — LET'S FACE IT. 
BOOKLET $5.00 PPD SEND SASE: BROWNS- 
VILLE. R&D 1064 Palm BLVD., BROWNSVILLE. 
TX 4010 78523 PHONE 210 542-2773. 

HOME VIDEOS EVEN YOUR FRIENDS WILL 
WATCH. Simple, informative guide shows you 
how to make fun. memorable videos. Next time. 
SHOOT LIKE A PRO. Order today! Only $8.50. 
Send to: W.R. SMITH PUBLISHING, Dept. 
PS03, 2836 Walnut Terrace. Modesto, CA 
95355. 



BARGAINS AND WHOLESALE 



$3,800 Monthly using PROVEN, EFFECTIVE, 

and PROFITABLE Mailing Systems. Detailed, 
Personalized Plan(s). $6.66 TITUS VENTURE, 
228-B Montrave, Oshawa, ON L1J-4R8 Canada. 



BURGLAR— FIRE ALARMS 



WIRELESS ALARM SYSTEMS. How they 
work and how to install your own. $5.50. R A 
1 124 GARY, ALBANY, GA 31707. 



BUSINESS OPPORTUNITIES 



$1804 MONTHLY! Buy/sell cars (spare-lime). 
Revealing proof! Write: CODEX. 507 Oak Drive. 
Friendswood, TX 77546 

TAKE PICTURES for profit. Camera Ventures, 
Box 771. Lamara. CO 81052. 

PIANO TUNING PAYS: Learn with approved 
home study course, Diploma granted. American 
Tuning School. 17050 Teller Dr., Morgan Hill, CA 
95037. 

NEED MONEY? Free Grants, Signature Loans. 
Business Loans. Write: Action #7-Y, Box 5499, 
Diamond Bar. CA 91765 

LET THE GOVERNMENT FINANCE your small 
business. Grants/loans to $500,000. Free re- 
corded message: 707-448-0270. (JG6) 

HOME Assembly Work Available! Guaranteed 
Easy Money! Free Details! Homework-PS. Box 
520. Danville, NH 03819 

SPARE Time Fortune In Vinyl Repair. Huge de- 
mand. Exceptional profits. Everything supplied. 
Details Iree. VIP, 2036 Montrose. Chicago 
60618 

$225 DAILY "CHROME PLATING" AUTO 
PARTS, MOTORCYCLES, INEXPENSIVE, 
EASY, (FREE) information: Chrome. Box 2285. 
Waldorf, MD 20604 

DRUG RAID SEIZURES: Dirt cheap! Cars, 
houses, boats, computers. Seizures. Box 51 488- 
YD, Ontario, CA 91761. 



EARN $60,000 YEARLY 



ii 



Repairing (not replacing) stone damaged wind- 
shields and plate glass Learn how a 3 minute 
repair can earn you $1200/week! 

CALL NOW! 
FREE REPORT! 

NVS/0PTIKLEER, LYNN, MASS. 01904 



1-800-695-6224 



RECORD VIDEOTAPES— At Home. $5,000 
Monthly Possible. No pornography. Free Details. 
Write: CMS Video Company, 210 Lorna Square - 
#163S. Birmingham, AL35216 

T-SHIRT PRINTING MACHINES. We manufac- 
ture professional single and multi-color screen 
printing equipment. Inexpensive. Brochures, 
Prices, Information Pack $1.00 (refundable). 
Calco. 12201 NW 35 St., #102-PS. Coral 
Springs, FL 33065. 



GIANT TV 



DON'T BE FOOLED BY IMITATIONS! 

Build the best giant screen protection TV for home or high 
profit with lenses and screens utilized by SONY, ZENITH, 
SYLVANIA. and MAGNAV0X! Simple construction 1 Illus- 
trated information Profit plan, and complete parts catalog 
$2 Money back guarantee' Earn 5100,000 yearly' 11 

POLI- VISION GIANT TV 
V187 CYPRESS ST "THROOP, PA 18512,/ 



REPAIR CRACKED WINDSHIELDS 



Earn $90,000 Yearly Repairing 

- not replacing - 

Large Cracks in Windshields 
CALL 1-600-826-8523 

or write The Glass Mechanix Inc. 
531 3 Nob Hill Rd. ■ Sunrise , FL 33351 



$40,000 ON 1 3 ACRE! New hydroponics - inex- 
pensive, pleasant, practical! Free information. 
Planter's. Box 681 804. Franklin. TN 37068-1 804. 



CRACK REPAIR 

ft"" A FOOT LONG 




1. 



"rows" huge DEMAND! 

/T\ ) JUST LOOK AROUND TOO 



°UU*a B-0-N-D, Inc. 
1 (800) 347-2820 

1 1 151 Pierce Street, Riverside, CA 92505 



RECYCLE METALS, NO, NOT BEER CANS! 

Easy $458 weekly! Free information, Hornsbys. 
Box 681804, Franklin, TN 37068-1804 

MAKE $15,000 monthly! The Perfect Business 
No investment. Easy. Free Booklet MPC, Box 
57, Lenore, ID 83541 

$300.00 PER DAY just mailing letters! Details 
50e (coin). Moneymakers/S, Box 32368, Palm 
Beach Gardens, FL 33420. 

MILLIONAIRE MAILORDER EXPERT reveals 
moneymaking secrets! Free hour cassette. 
Melvin Powers, North Hollywood, CA 91609. 

$392.00 from sq. ft. plywood. (HUGE DEMAND) 
Revealing proof $1 .00 (Refundable). Woodwins- 
PS, POB 859, Bndgewater, MA 02324-0859. 

$2,000 DAILY From your Telephone Answering 
Machine! I've made over $1 ,000,000 using mine! 
(303) 674-2219. Recorded Details 

#1 MONEY MAKER Spare Time! No selling! No 
inventory! Publicly documented seven week 
$1 9.919 income! Free audio cassette and Report 
reveal everything. Real Money. 911 -PS Bryant 

Place. Ojai. CA 93023 

MAKE homemade how-to opportunity " book- 
lets. Mine have earned $436,097 Money never 
stops. Free information Booklets. 507M Oak 
Drive. Friendswood.. TX 77546. 

COUNTERTOP8: Repair WITHOUT RE- 
PLACEMENT! Quick, easy to S600 day change 
countertop colors WITHOUT REMODELING! 

(206) 256-9742. Write today to RENEW-ALL. 
Box 4506-SS. Vancouver. WA 98662 

$27,000 IN BACKYARD — growing new spe- 
cialty plants. Start with $100. Free information. 
Growers. Box 1058-PS. Bellmgham. WA 98227. 

RECYCLE! (AMAZING PROFITS MADE) Re- 
conditioning Automobile Batteries! (Free) Infor- 
mation! Battery Outlet. Box 3300PS. Hickory. 
N.C. 28603-3300. 

900.00 WEEKLY Mailorder SECRET Plus Suc- 
cess Package Free Information PSI, 17610 
Drummond Drive, Tinley Park, IL 60477-7346. 

LONG-RANGE cordless telephones. Export 
only. Dealers & distributors wanted only. 
1-703-745-2223. 

$1,000 FOR 8 HOURS work. Genuine dealer 
installer opportunity in an exploding growth mar- 
ket. Home Automation Systems (714)642-6610. 
ext. 500. 

HYDRAULIC JACK REPAIR MANUAL AND 
CATALOG $10.00. HYDRAULIC PARTS 
SUPPLY, BOX 4157, BROWNSVILLE, TX 
78623-4157. - 

STAY HOME, MAKE MONEY $100s daily pos- 
sible. Quick, easy. Recorded message reveals 
details: (61 2)649-4800 (J31 ). 

■" Great money in VCR repair! 

| Homt Study. Lear n high prom re- j 



pairs without investing In high- 
I tech Instruments FREE BOOK- 
- LET: 800 223 4 542 

I Name ; 



City. 



Stale Zip 

. The School ot VCR Repair 

I 2245 Perimeter Park, Dept VC109. 
, Atlanta. Georgia 30341 



Ma 
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CABLE TV CONVERTERS 

Satefand models L&L ELECTRONICS INC. 

• Years of customers 1430 Miner St. Suite 522 Des Plaines. IL 60016 
complete satisfaction "| -800-542-9425 

• Quality Equipment Purchaser must agree to comply with all State and Federal 

• Shipped within 24 hrs , aws ieoardlng pnva , e ownership ol cable TV equipment 

• Free catalog 



BUSINESS OPPORTUNITIES 



I retired and earned over ONE MILLION DOL- 
LARS selling part-time with no investment, no 
deliveries, and no collections INFORMATION 

$4.00 Walt Boyle. Dept. 610. 51 1 Bermuda Run. 
Bermuda Run. North Carolina 27006. 

SUCCESS in photography. Make money shoot- 
ing news, models, weddings, and more. Free 
information Delton Photography. Box 423. Wa- 
terloo. Ontario. Canada N2J 4A9 

NEW 2000% PROFITS— in moldmaking 
Casting. Free information: Caster. Box 
16586(P3). Memphis. TN 38186-0586. 



BE YOUR OWN BOSS 



Repair Cracked Windshields. It's Easy. We'll 
leach you how io start and run your own busi- 
ness. Keep all the money you earn. Patented 
Ivquipnwnt. FREE valuable report. 

CALL 1-800-321-2597 
GLAS-WELD SYSTEMS, INC. 

Box 5755-C * Bend. OR 97708 



$ 5000 PLl'S MONTHLY $ 



FROM GOVS BEST KEPT SECRET, THE 

DISABILITY CONSULTANT 

ADVANCED PAY. FREE TRAVEL & MORE 
FREE BOOKLET-CALL 

303-766-1111 

BOX -160058 • AURORA. CO (HXM6 



MAILORDER OPPORTUNITY: Start profitable 
home business without experience or capital 
Free book Mail Order Associates. Dept. 472. 
Montvale. NJ 07645. 

Attend America's largest invention show. Over 
1000 inventions from 21 countries May 1993 
412-288-1343 

FREE REPORT— How To Get $25 00 Pound For 
Your Scrap Aluminum Write: Ameriscrap — 
PS393. Alexandria Bay. New York 13607-0127. 

NEON COURSE. Free sample lesson. 
HORSLEY, 115 Riverbirch Crescent SE. Cal- 
gary, AB, Canada T2C 3M1. 



Growing Earthworms For Profit 

Send S5lor complete tkuil :How Id build ■ worm farm, 
C, rowing. Reproducing nnd M-llinK vour earth., onm- 
(Buter*. quKlr include) You ran make it a big bucitvetc or 
part lime income even though you lice in the cooler parti 
of tbr country Grow them in your basement or backyard 

latent C*rp. 

P.O.BOX 4*808? Chicago, IL 60640-8087 



MAKE THOUSANDS AT THE BEACH Doing 
What Others Aren't! FREE Details. Switzer. POB 
555786-B. Orlando. FL 32855. 

NEW! GROW EXPENSIVE PLANTS. 6ELL 
FOR 2,000% PROFIT. Free information. 
GROWBIZ. Box 306-S3. Seminary, MS 39479. 

PROFIT PRINTING. The Quick Easy way to 
$250,000 per year from your home Free Details! 
Write: PROFIT PRINTING, Box 4506. Dept 
SP33. Vancouver. WA 98662. 

REAL ESTATE APPRAISER CAREERS. 

HOME STUDY PC D.l . ATLANTA, GEORGIA 
FREE LITERATURE 800-362-7070 DEPT. 
RC109. 

IMPORT-EXPORT opportunity, profitable world- 
wide, mail order business from home, without 
capital We ship plan for no risk examination. 
Experience unnecessary Free Report 
Mellinger, Dept H2 693. Woodland Hills. CA 
91367. 

$800 WEEKLY POSSIBLE Working at home 
37 different opportunities Rush $1 00 and self 
addressed stamped envelope to: Willard D 
Rogers, 3587 Horizons Drive, Lancaster. PA 
17601 

$1,500 WEEKLY mailing our circulars! ... Be- 
gin NOW! . . . FREE packet! MESA. Dept POP- 
SAL Box 38290. Germantown, TN 381 83-0290. 

VITAMIN DISTRIBUTORSHIP. Make save mon- 
ey on 350 top healthcare products No Fee! VPI, 
Box 0818 PS Freeport. NY 1 1520. 



$2,000 WEEKLY MAILING OUR CIRCULARS! 
I'VE EARNED OVER $1,000,000! FREE EX- 
CITING DETAILS ... WRITE CALL- 
QUALITY. BOX 6080-PPS, MILLER PLACE, 
NY 11764. 516-744-0536 . 

JOIN HOME-WORKER'S ASSOCIATION— Get 
Guaranteed Legitimate" home-employment of- 
fers! (Many Choices!) Write: Association-PS393, 
Alexandria Bay. New York 13607-0250. 

START YOUR OWN PIZZA SHOP. Details 
$1 00 Thomas. Box 642. Mansfield, MA 02048 

BUMPERSTICKER PRINTER Cheap, simple, 
portable. Free details Bumper, PO Box 22791 
(LLC). Tampa, FL 33622. 

MAKE Rubber Stamps Highly profitable Free 
Details. Stamper. PO Box 22809 (LLC). Tampa, 
FL 33622. 

PROFITABLE GOLD FOIL PRINTER. Personal- 
ize business cards, pencils, matches Free de- 
tails. Gold. PO Box 24986 (LLC). Tampa. FL 
33623 

HIGH PROFITS WITH CUSTOME T-SHIRTS 
AND CAPS. Transfer machines, supplies. Free 
details. Press. PO Box 22809 (LLC). Tampa, FL 
33622. 

PROFIT with unique GREETING CARDS. Part 
full time. Info pack contains cards $9.95 Kanga 
Kards, Box 130. Altamont. NY 12009. 

Earn BIG $$$ building personal computers. 

For detailed information, send $8 50 + 2.50 
S&H to: CSI. Dept. PS2, Box 344. Hales 
Corners. Wl. 53130. 

BIG MONEY FIXING UGLY HOUSES SMALL 
INVESTMENT — LARGE INCOME WORK AT 
HOME CASH FLOW BUSINESS. YOU'RE 
BOSS. NO LAYOFFS. FREE BROCHURE. BOX 
491779BX REDDING. CA 96049 

AWARDS/PLAQUES— Learn how to make 
money with this skill. Free details. RNP Co., P.O. 
Box 169. Largo, FL 34649. 

$10,000.00 MONTHLY Taking Photographs at 
Home! No Experience. PHOTOPRO, 1611 
Crenshaw #235S, Torrance. CA 90501 (90 sec- 
ond recorded details) (310) 549-0997. 



BUY IT WHOLESALE 



CLOSEOUTS! Wholesale! Overruns! Freebies! 
Information (stamp): DDN. Box 20152-G. 
Ferndale, Ml 48220 

WORLDS FINEST WATCHES. Top Quality Rep- 
licas. Below Wholesale Prices. Free Brochure. 
1-800-553-4334. 

UHF. Disguised Surveillance Transmitters/ 
Receivers. For Export Only. Dealer Inquiries 
Fax (716) 691-0604 



CABLE EQUIPMENT 



CABLE T.V. CONVERTERS Jerrold. Oak. Sci- 
entific Atlantic, Zenith, & many others "New" 
MTS stereo add-on: mute & volume. Ideal for 
400 & 450 owners! 1-800-826-7623. B&B INC. 
4030 Beau-D-Rue Drive. Eagan. MN 55122 



MOVIE VIEW SALES 

Cable T.V. Converters 
Descramblers / Low Prices 
PO Box 26 • Wood Dale, IL 60191 
(708) 766-5222/Fax (708) 766-5269 
Call CST Mon.-Fri. - 9-5 / Sat.-10-2 
JERROLD • SCIENTIFIC ATLANTA 
OAK • ZENITH • HAMLIN • PIONEER 
Converter Only • Hand Helds 
Ch. 3 Filters • 3 Ft. Jumper Cable 
0 VISA/Mastercard 0 C.O.D. 
0 Orders Only 1-800-735-5912 
[7] 1 0 Yrs. Experience 
[3 6 Mos. Warranty 

(NO ILLINOIS SALES) 



IF YOU WANT SOME OF THE BEST PRICES 

on converters, descramblers. remote controls, 
cable equipment in general, call 1-313- 
790-7896. No Michigan sales. 

CABLE CONVERTERS, ACCESSORIES BE- 
LOW WHOLESALE! Immediate delivery from 
giant stock! COD orders only. 1-800-995-1749. 



CABLE TV DESCRAMBLERS 

* CONVERTERS * 

and ACCESSORIES. 



SAVE MONEY. 
DON'T BENT! 



PANASONIC, JERROLD, OAK, 
PIONEER, SCIENTIFIC ATLANTA 
ANO MORE LOWEST PRICES FREE CATALOG 

CABLE READY 
COMPANY 

(800) 234-1006 



TOCOM-DPV-BB and SA 8580 & 8590 convert- 
ers, decoders Best prices. Call (800) 942-6649. 



CABLE T.V. EQUIPMENT 
Why Pay High Rental Fees? 



Replacements (or all models 60 day uncon- 
ditional money back guarantee. Low Prices. 
Ship within 24 hours. SSAE for tree catalog 
Visa. MC. COD Let our experience work for 

y0U 1-800-243-3967 

SKYLINE SYSTEMS INC 
114 S. Euclid Ave. 
Park Ridge. IL 60068 



CATALOGS 



NEW BLOCKBUSTER BOOK! The 1 800 Ci 

log of Catalogs ($5 00). Shop America Toll-Fi 
Recorded Information: 1-800-695-2683 

FREE! DISTINCTIVE GIFTS CATALC 
MARSTRAC, 316T CHESTER MALL. CHI 
TER, NJ 07930. 



CABLE TV CONVERTERS. Jerrold. Zenith. Pi- 
oneer. Oak, Scientific Atlanta, and many more 
12 years expenence gives us the advantage 
Visa MC AMEX COD. Advantage Electronics. 
Inc. 1-800-952-3916. 1125 Riverwood Dr., 
Burnsville, MN 55337 



CABLE TV 
DESCRAMBLERS 
CONVERTERS 
ACCESSORIES 



SAVE $$$ DON'T RENT 



30 DAY MONEY BACK GUARANTEE 
PANASONIC, OAK. JERROLD, 
ZENITH. SCIENTIFIC ATLANTA 
PLUS MORE!!! LOWEST PRICES!!! 
AAA Electronics 

CALL 1 (800)258-951 2 I 



SECRET CABLE DESCRAMBLERS! Build 
Your Own Descrambler for LESS than S12.00 in 
SEVEN EASY STEPS RADIO SHACK Parts 
List and FREE Descrambting Methods That 
COST NOTHING To Try Included Send $10.00 
to: Harry White. P.O. Box 1790. Baytown. Texas 
77522. 

SCIENTIFIC ATLANTA model 8580 converter 
descrambler w remote REPLACES most Scien- 
tific Atlanta models. Works on most Scientific 
Atlanta cable systems. Wholesale price $229.00 
Quantity discounts. Call Phil at Universal Prod- 
ucts 1-800-438-2030. 

StarcomS, Tocom VIP Model A Actual Test 
Programs. $345 ea! Chips $34 .95! Order Only 
line COD (602)582-4554. 

PREVENT DESCRAMBLER DAMAGE — 
DON'T BITE THE BULLET! Snooper Stopper 
Data Blocker $34 95 VC1 1-800-925-9426. 



CB RADIO 



POLICE— FIRE SCANNERS. CBS MARI 
2- WAY. ANTENNAS, HPR, BOX 192241 
DENVER. CO 80219. 



COMPUTERS 



CD-ROMS & MORE INTERN AT ION/ 

WORLD'S LARGEST SELECTION OF C 
ROM' . . . STAR TREK MOUSE PADS! 

(708) 279-7055 

IBM COMPATIBLE SOFTWARE S3 98 ea 

Send for free brochure. COM-NET, P.O.E 
380697, East Hartford, CT 06138-0697 



CONTACT LENSES 



WHOLESALE CONTACT LENSES A 

BRANDS. EXAMPLE: ACUVUE DISPC 
ABLES-S17.00. 6 PACK BAUSCH & LO 
SOFLENS-$1 1 00. 1 -800-521 -351 1 



DETECTIVES 



DETECTIVE Home Study Training Badge, 
ploma GLOBAL. 171P Park Street. Stonehi 
MA 02180 

Learn the secrets of how to conduct your c 
private Investigation by the book Call 1 ( 
NEED API. 



DO-IT-YOURSELF 



GET 2 TRANSMITTERS 
FOR THE PRICE OF 1 




IP 



Law Enforcement Oracle Device < 
a slngla IC CHIP I* a Boom 
Telephone transmitter all In onel 
•S/mcWe 5 minute auembly! I 
•No circuit board toldmrinal 
• MONETBACK GUARANTEE! 
Attach the VT-75 mere-transmitter chip 
any 3V to 12V battery and you can he 
every sound in an entire house over 1 rrt 
away! Tiny IC chip uses the most advanoi 
technology to allow you to hear every soul 
van tay ata o s - on any FM radio tuned 
the "secret* frequency you select. You a 
also attach the VT-75 anywhere on 
telephone line and monitor both sides of 
phone conversations - crystal dear - wlthc 
ewer needing a bartaryf Tunes from 80 
130MHZ! The VT-75 Is powerful (lOOmV 
so ft transmits farther - even (Trough wa 
and buk#ng& ■ where tiny PC boards wl 
limited circuitry just can't. Want the smawt 
room transmitter you can buy? Just pow 
the VT-75 with a hearing-aid battery and 
still outperforms all others! WE DON 
MAKE FALSE CLAIMS. Our VT-75 Is t 
only one you can buy anywnsra that com, 
with a full 30 day uncondlrlom 
moneyback guarantee! P-e test< 
micfotransmltter wffh miniature microphor 
and instructions to use as room 
t e lephon e transmitter - $49.99 + S1.E 
S&H or save • buy 2 for $45 00 each w 
free S&H! VISA, MC. MO, for Immsdla 
shipping by U.S. MaH. COD'S add $4. 



.J£.,cV„7T«. aWOfOUD HILLS, NY 
INDUSTRIES * \ 0507 

CALL 914-232-3878 24HR6 



POORMAN'S INFINITY TRANSMITTE 

Monitor room conversations! $2 00 part conve 
any telephone! Plans $1.00, Free Catalc 
Electromart. Box 4, Carthage. TX 75633-000 
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DO-IT-YOURSELF (Con't) 



LEPHONE LISTENING DEVICE 



m 



rW**« Connects Ew?*«n jny ciSMtie <y Up* 
"tCO'de* ind i-ne $1jrH luIO- 

mjicjiiy whtnpnont'i jnsoe'efl RccoKtsDoih 
»<iei ot convcrtjticKi Swot; reeoirjr when 
pnont il nung up 



EACH &•» »« •*»' 



Super Powerlul FM TRANSMITTER 

wif t»r*fi mot powtfiu' man ofht** irinynf ie<"5 

*fvr » up To % "Me to any FM rtfC Lily 

»■ err re tutiry mot met ) 

w uUtog ot Triftsmtet voccScQmoc^^m] 
wsoecalv im tncioso S? 00 to u Si Corp 

Call 407 72S 10O0 or iMdtlfJi • J1 00 
dipping par ttrHT*. TO. USI Corp.. PO Box 
t-20B2.Mdboum«. Ft 32902 COO'.OK. 1«1 




WORLD S SMALLEST 
FM TRANSMITTER 



LL OTHERS OBSOLETE! YCTQQQ 

bw Surface Mount Technotogy 
MT) makes the XST500 the 
naliest most advanced FM 
msmater you can buy' Powerfull 
stage design provides greatest 
nge ol any unit available today 
can transma whispers up to a 
«le away* Powered by 9V 
ittery. I works with any FM 
cetver and is easfy tuned over 
e FM radio band Order our 
isy to assemble E-Z Kit with 
SMT chip components already 
■enjblad to circuit board 



1-800-336-7389 

XANOI ELECTRONICS 
01 E Southern Ave. Suite 111. Tempe. AZ 85282 




DON'T THROW AWAY THAT USE0 
COPIER OR PRINTER CARTRIDGE! 



)o il yourself REFILL IT 
r's easy SAVE OVER 75«- 

•miltlf II! IIKludCI 

I 



»0R4C- 

NC0RP0RATED Order or Information 



CANON* COPIERS 

■C iIiS6r*Kr«M?«? 

S1SL95 
LASER WINTERS 
" S19.95 



SHARP COPIERS 
XEROX ■ 5O0" ' 

S29.95 



JGGED? PHONE TAPPED? FREE Catalog ot 
>unter- Surveillance Equipment tells you Fast' 
B0O-732-5O0O 




//Radio 
loker Kit 

pe ot the best 
gri tech gags' 
pKIK. $19.50 

knti-Gravity Kit Great effects objects float 
n air 1 Amazing gift, conversation piece or soence 
reject, ANT1K $19.50 

1 Mile* FM Voice Xmirter 

U/fra-sensitive. high performance kit at 

tow c ost XFM300 $19.50 

Mile Automatic Phone FM Xmirter Kit transmits 
oth sides ol phone conversation XTL3O0 . $19.50 

S^fX)(7) Phone Taping System 

. — * Z-y Automatic, ready-to-use complete 
Ih extended play recorder TAP20X $129.50 

mw Visible Red Laser Kit 

roduces 1 million degree K temperature 

jutvalentl LAS05K $49.50 

FREE CATALOG with Order, Or Send $1 00 P&H 

NFORMATION UNLIMITED 

apt PS-91. Box 716. Amherst NH 03031 *Q 
ipne 603-673-4730; FAX 603-672-5406 Orders : 
C, VISA, COD Accepted ADO $5 S4H 600-221-1705 



SURVEILLANCE - COUNTERSURVEIL- 
LANCE! Guaranteed Lowest Prices! Huge 
Catalog $5.00 (Refundable). PROTECTOR, Box 
520294-A, Salt Lake City, UT 841 52. 

QUARTZ CLOCK MOVEMENT and supplies! 
Low Prices! Yankee Ingenuity, Etox 113, Altus. 
OK 73522. 

LASERS, 5mw To 20 watts, Hundreds of Laser 
Related Products & Plans. For Catalog Call 
714-278-0563, Or Write MWK Industries, 198 
Lewis Court, Corona CA 91720 

You've invented something Now what? Contact: 
The Inventors Advertising Agency. 1-800- 
IAA-08-71. 

"THE REAL SPYMART" NO JUNK, GOOD 
ELECTRONICS. TRANSMITTERS. NIGHTVI- 
SION. CELLULAR SURVEILLANCE. CATALOG 
$5.00 OPERATIVE SUPPLY, PO BOX 2343, 
ATLANTIC BEACH, NC 28512. 



ELECTRONIC SURVEILLANCE KITS 



i Mtf FM von TtUHmnTBL 8 x r will outperform most 

units many times its price Buttered, operates from 80 to 

1 20 MHZ Requires 6 to 12 VDC 

1 ■$•———» SSW Transmits both sides 

of a conversation to any FM radio Operates from 70 to 130 

MHZ Requires phone power only 

ramac REOWWC mm. 9 x6' Records both sides of 

conversation automatically to recorder when phone is 

answered Requires phone power only 

Each kit contains easy instructions, all parts and the drilled 
printed circuit board $1 9 00 each. 2 lor $35.00, 3 for 
$50 00 Add $1 50 each unit S/H VisarMC M0 for immediate 
shipping Free catalogue with order or send $1 00 P/H 



Box 59004, Potomac. MD 20854 
or call 301 -330-8925 124 Hours) 



](/) 

H 

P 

DC 

b 



p Tiny 2 oz VIDEOCAM!^ 

PUTS YOU W THE MODEL AIRPLANE, HEU OR 
CAR FOR LIVE VIDEO EXCITEMENT' OUR TINY TV 
TRANSMITTERS AND 2 OUNCE MATCHBOOK SIZE 
MtCROVIOEO CAMERAS GIVE YOU UVE VIDEO 
FROM ANT WHERE. UNDER 1200 1 SEND COO FOR 
MICRO VIDEO/SURVEILLANCE 
CATALOG OR S29-K FOR 1 HOUR 
VMS "RC ACTION VIDEO" WITH 
PLANE, HE Li, CAR. 
ACTION VIDEO CALL TODAY' 




He Ne Tubes 

and 
Laser Diodes 



from 

$1000 



■E CATALOG 

iilcRcDiTH — * P. O. Box 1724 
m5iaUf7IEni5 Glendale, AZ 85301 



TRADE SECRETS REVEALED! SAVE 
$1,000 , s on HOME IMPROVEMENTS FREE 
FACTS. Call: 1-800-947-3835. 

LONG PLAY CASSETTE RECORDERS, 
VOICE-ACTIVATED. 12 HOURS/CASSETTE. 
NUMEROUS OTHER SURVEILLANCE/ 
COUNTERSURVEILLANCE DEVICES. CATA- 
LOG $3.00. PRODUCTIVE ELECTRONICS. 
BOX 930024. NORCROSS, GA 30093. 

KILL ROACHES. No toxins. Environmentally 
safe and effective. Send $5 00 to: Roach Plans. 
Box 10193. Spokane. WA 99209 

Telephone Listening 

FM Tnntmltt.r tnkkM Common Dual Modular f\ q ,J J * * 
ip to I A mil. rang* t If 6 V I V 6 

"N-f 'Snip Fit* kit' - viiruiy to phom 
•Super Powerful' Tunei • M lOlMh/ 
•CrvMaJ clear rcvvplion 
"I Jji he picked up on im FM K*li« 
*Tran»mi1» both tuin of cmivcrwJion 
1 *e» phone line tor pinner anJ antenna' 




$24.95 



r im \K 




Stymor-Radix Box rGGQ55-F*S Irving TX 7SOWS 



EDUCATION & INSTRUCTION 



HIGH SCHOOL at home, diploma awarded. Low 
monthly payments No classes, information free. 
Phone free 1-800-228-5600. or write: American 
School. Dept. #347. 850 E 58th St., Chicago. IL 
60637. 

WORLD WIDE COLLEGE OF AUCTIONEER- 
ING, INC. (formerly Retsch) Since 1933. Term 
Soon. Free Catalog-Col. Gordon E Taylor, Box 
949. Dept. 3, Mason City. IA 50401. 515 
423-5242. 



BE A PROFESSIONAL SKIPTRACER AND 
MISSING PERSON INVESTIGATOR! Com- 
plete training program INFOPACK $2.00. ATC, 
289 College. Burlington, VT 05401 -8320 

PARALEGAL GRADED CURRICULUM. Ap- 
proved home study. Most affordable and com- 
prehensive. 100 years of legal training. FREE 
CATALOG 1-800-826-9228. BLACKSTONE 
SCHOOL OF LAW. P.O. Box 871449, Dept. PS. 
Dallas. TX 75287 

UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, DOC- 
TORATES. ACCREDITED, INEXPENSIVE, 
FAST. FREE INFORMATION. DR. JOHN 
BEAR, COSTEDOAT & BEAR BOOK SALES, 
PO BOX 826PS, BENICIA, CA 94510. 800 
835-8535. 

PRIVATE INVESTIGATION TRAINING! Big- 
Income! Own Boss! FREE Information. Probe, 
P.O. Box (PS) 2133. Beverly Hills, California 
90213-2133 

MONEY FOR COLLEGE. SERVICES GUAR- 
ANTEED. FREE DETAILS. STUDENT ADVI- 
SORY SERVICES, BOX 1647, LAKE WORTH, 
FL 33460. (800) 727-2258 EXTENSION 2943. 

•FREE VIDEO* External BABS, MS MBA. PHD/ 
LAW. Accredited, financial aid, (800) 688-3542. 
LA SALLE UNIVERSITY, Dept. #618, Mande- 
viWe. LA 70470-4000. 

FULLY APPROVED UNIVERSITY DEGREES! 

Economical home study for Bachelor s. Master s. 
Ph.D.. fully approved by the California Superin- 
tendent of Public Instruction. Prestigious faculty 
counsels for independent study and life ex- 
perience credits (5000 enrolled students. 400 
faculty) FREE INFORMATION— Richard 
Crews. M.D. (Harvard), President. Columbia 
Pacific University, Department 235J, 1415 
Third Street, San Rafael, CA 94901. Toll tree: 
(800) 227-0119: California: (800) 552-5522; or 
(415) 459-1650 

BOOST YOUR I.Q. FAST. EASY. $12.50. EXIR 
SCIENTIFIC. 723 Grand. Vermilion. OH 44089 

BECOME A PARALEGAL. HOME STUDY. 
P.C.D.I.. ATLANTA. GA. FREE CATALOGUE. 
800-362-7070. DEPT. LC109. 

LEARN PERSONAL COMPUTERS. HOME 
STUDY P.C.D.I.. ATLANTA. GEORGIA FREE 
LITERATURE. 800-362-7070, DEPT. KC109. 

Earn a Degree in Electronic Engineering. Fully 
accredited with over 1 50.000 world-wide gradu- 
ates. Founded in 1934. Send for Free Home- 
Study Course Catalog. Cleveland Institute of 
Electronics. Dept. AZP01. 1776 East 17th St., 
Cleveland, OH 441 14-3679. 

ELECTRICITY ELECTRONICS TRAINING se 

ries. 24 volumes used by U.S. Military. Other 
courses available. Free information: Federal 
Technical Publishers, Box 1141, Glen Lake. 
Minn. 55345. 



EMPLOYMENT INFORMATION 



EXCELLENT INCOME! ASSEMBLE EASY 
PRODUCTS AT HOME. GUARANTEED EM- 
PLOYMENT! 1 ■800-377-6000, EX6055. 

EASY WORK! EXCELLENT PAY! ASSEMBLE 
PRODUCTS AT HOME. TOLL FREE 
1-800-467-5566 EXT. 8068. 

$2,000 WEEKLY MAILING OUR CIRCULARS! 
I'VE EARNED OVER $1,000,000! FREE EX- 
CITING DETAILS ... WRITE CALL- 
QUALITY. BOX 6060, DEPT. PS- 11 2, MILLER 
PLACE, NY 11764. 516-744-0536. 

$1,500 WEEKLY mailing our circulars! ... Be- 
gin NOW! . . . FREE packet! MESA. Dept. POP- 
SA2. Box 38290. Germantown, TN 381 83-0290. 



ENERGY SAVING 



AFS RADIANT BARRIER — EASY INSTALLA- 
TION Energy Savings ' Non-Toxic " Everlasting 
Home Comfort. Reduce summer attic heat by up 
to 30%. Helps prevent winter heat loss Govern- 
ment tested and approved Brochure and prod- 
uct sample— Send $1.00 AFS— ADVANCED 
FOIL SYSTEMS ' (800) 421-5947 4471 E 
Santa Ana St . Suite F, Ontario. CA 91 761 . 

SAVE 85% OF ENERGY COST WITH FLUO- 
RESCENT TABLE LAMP CONVERTOR. 
WHOLESALE. FREE DETAILS. ALBRITE. 435 
NAVAJO, PARK FOREST, IL 60466. 

Supplemental Heating cut my bill 50%. cost $63 
at hardware store Plans & materials list $14. 
Reliable Services. POB. 901 . Lugoff. SC 29078. 



SOLAR, GREENHOUSE, AQUACULTURE 
AND ENERGY SAVING CATALOG! 64 pages 
Featuring Sun-Lite* for do-it-yourselfers, build- 
ers, designers NOW SOLAR/ELECTRIC VE- 
HICLES, CONVERSION KITS AND COMPO- 
NENTS America's largest energy saving 
source! $2.00 postpaid. Solar Components Cor- 
poration. Dept. PS. 121 Valley St.. Manchester. 
NH 03103. PHONE 603-668-8186. 



r ^FREE ENERGY 7* "I 

I Fuel-less Motors & Generators 



I 



■ Carburetor Triples M. P. G. 
' Amazing Principles & Details: ■ 
j H & A INDUSTRIES I 
5 Route 2, Box E-35 Oepl P. 1 

|_ Bowling Green, MO 63334^ 

COMPOSTER WATER HEATER. Energy from 
biodegradables. Plans $1 2.95 to O Enterprises. 
P.O. Box 6217. Springfield. MO 65801 



FINANCIAL 



OVERDUE BILLS? Bad credits no problem' 
Licensed Bonded. Applications to $50,000 Not 
loan company. TCAC, Dept PS, P.O.Box 26397. 
Birmingham, AL 35226 or call 1 -800-869-0607 

FOUNDATION GRANTS for individuals, to 
$180,000. Free recorded message: f707) 
448-2668 (2JG6) 

FEDERAL LOANS for small business now avail- 
able 1 -800-777-6342 tor free details. 

GET FREE CASH! Private money grants. Foun- 
dation giveaways. Loans. Millions available. 
Sources: Box 5529-Y. Diamond Bar. CA 91765. 



FOR INVENTORS 



PATENTS DEVELOPED MARKETED BY 
PROFESSIONAL PATENT ENGINEER, U.S. 
PATENT OFFICE FORMER EXAMINER & 
MANUFACTURERS REPRESENTATIVE. Free 
Invention Protection Certificates. PATMART. 
Suite 702 PS. 233 Broadway. New York, NY 
10279. 

REGISTERED PATENT ATTORNEY. D A. 

Kettlestrings. Free patent trademark informa- 
tion. 1-800-966-7577. 

PATENT AND DEVELOP Your Invention. Regis- 
tered Patent Agent and Licensed Professional 
Engineer. Send tor FREE PATENT INFORMA- 
TION Every Inventor Should Have. Richard L. 
Miller. 12 Parkside Drive. Suite-N. Dix Hills. NY 
1 1746-4879. (516) 499-4343. 

INVENTORS! Can you patent and profit from 
your idea? Call AMERICAN INVENTORS 
CORP. for free information Serving inventors 
Since 1975. 1-800-338-5656. 

PATENT IT ECONOMICALLY! Free details. Li- 
censed since 1958. Rainer Associates, 2008 
Fondulac. Richmond, VA 23229 

ALL NEW PRODUCTS/IDEAS Free Devel- 
opment. Patenting. Licensing package, call 
Davison & Associates 1 -800-677-6382. 

PATENT SEARCH. RAPID PATENT, THE 
WORLD S LARGEST PRIVATE PROVIDER OF 
PATENT DOCUMENTATION. LOCATED NEXT 
TO THE U.S. PATENT OFFICE, OFFERS LOW 
COST MANUAL AND ON-LINE COMPUT- 
ERIZED PATENTABILITY SEARCHES. FAST- 
EST SERVICE. SATISFACTION GUARAN- 
TEED. FOR INFORMATION AND ESTIMATED 
COSTS CALL 1-800-336-5010 EXT. 31. 

FREE help for inventors! No charge for protec- 
tion forms and information kit. Affiliated Inventors 
Foundation. 1-800-525-5885. 

DONT BE FOOLED! CALL OUR INVENTORS 
CLUB 24 HOURS FOR INFORMATION. 
1-800-466-1793. 

INVENTORS' DIGEST. Americas ONLY Inven- 
tors Magazine. S20 year Satisfaction guaran- 
teed. Free patent manual. 1-800-525-5885. 

INVENTORS— NEVER SHOW IDEAS TO 
STRANGERS! Avoid ripoffs— save thousands! 
Revolutionary idea protection/marketing meth- 
od! Nonprofit organization. Free information — 24 
hours: 1-800-846-3228. 

LOW COST PATENT SERVICES: Your Idea 
May Become A Profitable Invention. Free Infor- 
mation. "INVENTORS HELPER", P.O. Box 276. 
Be rgenfield. NJ 07621. 201-387-1877. 
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FOR INVENTORS 



r WORK DIRECTLY WITH ^ 
REGISTERED PATENT ATTORNEY 

AND ENGINEER 
31 YEARS COMBINED ENGINEERING 

AND PATENT EXPERIENCE 
U.S. & INTERNATIONAL PATENT APPLICATIONS 
Patent and develop your Idea with the 
experience of an expert. Call or write for 
free 148 page brochure, confidential ad- 
vice and forms for confidential disclosure 
and record of invention. 
OnrMas production, prototypes 
•■Mi reiearch readlry available. 

INTRODUCTION TO INDUSTRY & MARKETING PLANS 

Also specializing in 
copyrights and trademarks 

Less than 1 hr. flight time to 
US Patent Office 
MICHAEL I. KROLL 

REGISTERED PATENT ATTORNEY 
US PATENT REGISTRATION 26.755 
171 STILLWELL LA.. SYOSSET. NY 1 1791 



Call loll free 
US « Canada 

OUTSIDE USA 
k. FAX 



} 800-367-7749 

516-367-7777 
516-692-2787^ 



No tees to inventors! Call Inventors Awareness 
Group for free brochure. 1 -800-288-3938. 



INVENTORS 

YOUR FIRST STEP IS IMPORTANT . 
FOR FREE ADVICE. CALL 

ADVANCED PATENT SERVICES 

COMPLETE PATENTING & MARKETING SERVICES 

Washington, DC 1-800-458-0352 



PRODUCT DEVELOPMENT SERVICES: Anal 
ysis. Design, Drafting. Engineering. PROTO- 
TYPES, Testing Call EMDC 503-452-7344 

AVOID SCAMS! Free information exposing 
invention, marketing patenting companies 
1-800-428-5779 

NEW INVENTORS CLUB. For 6 issues and 
invention kit. send $55.95 to: Inventors Guild. 
Box 132. Plainview. TX 79073 

PATENTS • COPYRIGHTS * TRADEMARKS 

The How! What! Why! Where! When! and 
How Much! 900 Hot Line 1-900-786-8368 
(1 -900-78N-VENT ) $1 50 Per Minute. Get all the 
information you need. Right Now over the Tele- 
phone, from Inception to Protection and Market- 
ing Touch tone phone required, must be 18 or 
over Rasco, Woodbury. New York Or if you 
prefer, order your own personal instructional 
Video lor just $29.95. Call (305) 726-0149. 

Inventors: Free information on offering your in- 
vention for sale Kessler Sales Corporation. C-7- 
FI-3. Fremont. Ohio 43420 

PRODUCTS IDEAS WANTED Unique con 
sumer products wanted for new mail order cata- 
log Creative marketing group is looking for new 
proprietary products, ideas and concepts for sale 
through direct marketing Assistance available at 
any level from prototype through manufacturing. 
Absolute confidentiality assured. Send prelimi- 
nary information to Glenn Curtiss c o G&D 
Communications Corp., 1853 E Maple Rd., Troy. 
Ml 48083 



FOREIGN NEWSPAPERS 



WORLDWIDE ENGLISH NEWSPAPERS 
MAGAZINES! Sampler: 3 S2 98 FREE BRO- 
CHURE. MULTINEWSPAPERS, Box 866-32, 
Dana Point. CA 92629 



GOVERNMENT SURPLUS 



U.S. SOLAR LABORATORIES 
HUNTSV1LLE DIVISION 

Liquidating surplus (resnel tenses 7kI0 inch. Capable of 
magnifying solar heal IS00 limrt Reaching temps of 
12WF— 10 inch focal length. Excellent for construct 
inn solar water or air netting units. Plans lor the Mightymax 
Window Solar Heater included. $10. 00 includes packaging & 
shipping Extra lenses (6.00 each 
For additional information send S 1 .00 postage & handling 
I .S.S.L. Bx 1626, 3605 GOVERNORS DR. W. 
HI NTS V I LIE. AL 35807 



GIFTS BY MAIL. FREE CATALOG. FANTASTIC 
GIFTS & MERCHANDISE. 1233-33 MELVILLE 
ROAD. FARMINGDALE. NY 11735. 



HEARING AIDS 



HEARING AIDS - GUARANTEED LOWEST 
PRICES! No huge commissions. Home trial, 
terms All makes. We re the oldest, biggest, best. 
Custom instrument specialists Free information, 
1-800-323-1212. Uoyds-PSC. 



FREE 
CATALOG! 



New Hearing Aids 

• All Models 

• Huge Savings 

• No Salesman will call 



Try Before You Buy! 

Write: Rhodaa Hearing 

201 12 Ohio St.. Brookport, IL 62910 
1-800-453-4905 (24 hrs.) 



FREE HEARING AID CATALOG HUGE SAV- 
INGS By Mail. FREE 30-day TRIAL. Write Now: 
Amazing Technology. 531 Main Street. Suite 
335-S6. El Segundo. CA 90245. CALL 
1-800-382-0002. 



HELP WANTED 



EARN MONEY Reading books! $30.000/yr In- 
come potential Details (1) 805-962-8000 Ext 
Y-20025 

HOME TYPISTS, PC users needed. $35,000 
potential. Details. Call (1) 805 962-8000 Ext 
B-20025. 

Guaranteed Work! Assemble easy products at 
home Excellent Income! 1-800-377-6000. 
ex6050. 

$1,500 WEEKLY mailing our circulars! Be- 
gin NOW! . . . FREE packet! MESA. Dept. POP- 
SA3, Box 38290. Germantown. TN 381 83-0290. 

S200-S500 WEEKLY Assemble products at 
home. Easy! No selling You're paid direct. Fully 
Guaranteed FREE Information — 24 Hour Hot- 
line. 801 -379-2900 Copyright # NY13GDH. 



HOBBIES & COLLECTIONS 



MILITARY Medals Catalogue $1.00; 10 issues 
$8 00 S Vernon. BOX 890280PS. Temecula, 
CA 92589-0280 



HOME CRAFTSMAN 



MINI-QUARTZ clock movements as low as 
$1 75 complete! Posters, epoxy. videos, kits, 
plans Over 2000 items! Wholesale catalog 
$3.00 (credited). Steebar. PO Box 463-S. An- 
dover. NJ 07821-0463. 

Safe, durable, attractive children's furniture. 
For 6 plans, send $9.95 to C-S Enterprises. P O 
Box 494. River Falls, Wl 54022 



HOME SECURITY 



HOME SECURITY FOR $9.95? Free informa- 
tion. IKOR, 2331 -D2 Avenue S. Suite #210. 
Palmdale. CA 93550 



INVENTIONS WANTED 



HONGKONG factory needs several new prod- 
ucts for their oversea buyers. Send product ideas 
lor royalty evaluation. Can produce exclusive*/. 
Hongkong Plastic Metal Products Company. Box 
69627, Kwuntong, Hongkong. 

INVENT SOMETHING? Free Eureka Solutions 
International invention idea package provides 
unique marketing information. 1 -800-547-7885. 

INVENTORS: Free Patenting Information Kit! 
The Concept Network Represents people with 
new Product ideas. Prototype or schematics 
preferred; but not required. Call today! 
1-800-835-2246 Ext. 67. _ 

Leam how to offer your invention for sale or 
license Free booklet outlines procedures, roy- 
alty rates, requirements Kessler Sales Corpora- 
tion, C7-IW-3. Fremont. Ohio 43420. 



INVENTIONS WANTED 



PATENT IT YOURSELF KIT!! PROVEN! Don t 
gel fooled by fraud companies Everything you 
need: Simple explanations, instructions, tips. 
O&A. forms Also: COPYRIGHTS or TRADE- 
MARKS Only $37 40 ea.: SSM Enterprises. 
Box 927026. San Diego, CA 92192 

INVENTING FOR WEALTH! A besl selling 
book. 5-Star Rating. "A Must" says Invention 
Convention(R). Gives A-Z blueprint for success! 
Written by $5 Million Winner! Guaranteed. 
$24.95 + S&H. (800)-947-Profit. 



r KITES 

I FREE COLOR CATALOG 

- Choose from over 200 kites. 
| Many unusual & innovative designs 
■ Call or write for your catalog today) ~ a 

, Into The Wind • (soo) 541-0314 J 

I 1408-P Pearl St.. Boulder. CO 80302 | 
I □ YES. SEND ME A FREE CATALOG E 




Name . 



Address. 



City- 
State. 



.Zp. 



LOANS BY MAIL 



BORROW: $100 - $100,000! Fast! Confidential 
Glendale Associates. PO Box 260279. Piano. 
TX 75026 1-800-444-6599 

SIGNATURE Loans, must have checking ac- 
count & steady job. Call 1-800-445-0680. 

IMMEDIATE Loans to deserving individuals re- 
fused elsewhere. Many plans included. Try us! 
Associates P3. Box 9008. Baldwin. NY 
11510-9008. 

ARAB BUSINESSMEN have money to buy and 
invest. Top finders fees paid. IMEA. 0393PSL. 
Box 3574. Newport Beach. CA 92659-8574. 
(714) 722-9260. 

BORROW $500-$40.000! "Overnight" on Sig- 
nature Keep indefinitely! Action, Box 5499-Y. 
Diamond Bar. CA 91 765. 



MAILING LISTS 



ACTIVE NEW "HOTLINE" NAMES! GUARAN- 
TEED! FAST DEUVERY! MIXED STATES! 
200 $20; 500 S35: 1000 S 55. DEALER'S 
CO-OP. BOX S26-PS, GRIFFITH, IN 
46319-0526. 1-<800) 992-9405. 

"RED-HOT" OPPORTUNITY SEEKERS 
NAMES! GUARANTEED! IMMEDIATE SHIP- 
MENT! 200 S8; 500 $1 3; 1,000 $19; 2,000 $35; 
5,000 $70. QUALITY LISTS. BOX 606O-PS, 
MILLER PLACE, NY 11764. VISA MC COD 
ORDERS CALL 800-356-6392. 

Never Before Used! Hotline Opportunity Seek- 
ers! 200/$18; 500 $28; 1000 $45. Mixed States! 
Immediate Shipment! Order Now! Advon. Drawer 
B-7, Shelley. ID 83274. Credit Card Orders: 
800-992-3866. 



MISCELLANEOUS 



MEN'S WIDE SHOES 



EEE-EEEEEE, SIZES 5-13 

Extra width for men 
who need it. Excellent 
variety, styling and 
quality. Send for 
FREE CATALOG 




HITCHCOCK SHOES. INC 

Dept. 46C Minfiham. MA 021H3 



M0NEYMAKING OPPORTUNITIES 



EASY WORK! EXCELLENT PAY! ASSEMBLE 
PRODUCTS AT HOME. TOLL FREE 1-800- 
467-5566 EXT. 6517. 



NEW! Sell unique product. Make 2000% pit! 
Cht. Co.. 117 Harrison C-572, Chicago, 
60605. 



HOMEWORKERS NEEDED NOW BY I 
FIRMS. Top Pay. Start immediately. Direct! 
Send $1 00 and #10 Self Addressed Envek 
to: ASAPH. 13203, 17th Ave. West, pj 
121092-Dept. C. Lynnwood, WA 98037-20S 

EARN MONEY RECYCLING one of 

growing money makers, unlimited income. : 
anteed to make you money. Complete npim 
booklet $9.95. Scrapman Recycling. 216 De 
Road. Huntington Station. NY 1 1746. 



$1,500 WEEKLY mailing our circulars! . . 
gin NOW! . . . FREE packet! MESA. Dept PC 

SA4. Box 38290, Germantown. TN 38 1 83-02! 



PERSONAL SECURITY IS PRICELESS! Elf 

tive. easy to use products anyone can atfc 
Send $3.00 (refundable) To: PROTECTIC 
P.O. Box 1328. Norwich, VT 05055. 



Money Making Opportunity Send $1 .00, S A: 
364 Ronton Center Way S.W. 56A - Suite | 
Ronton. WA 98055. 



MODELS— SHIPS, CARS 
PLANES, ROCKETS 



LIVE STEAM MODELS! Kits or Assembl 
Over 100 different models. Stunning Colo 
CATALOG $6 .95 Refundable. VIDEO 
YESTERYEAR TOYS & BOOKS INC. Dept I 

Box 537. Alexandria Bay. NY 13607. PHOf 
(613) 475-1771. 



MOVIE FILM VIDEOTAPE 



RARE SCIENCE FICTION, HORROR VIDEC 

Free Catalog. ACA Promotions, PO Box 20: 
Stone Mountain, GA 30086 (404) 879-1 505 



NEW PRODUCTS 



MAGNETS: BIOMAGNETS— GASOLINE Al 
WATER TREATMENT MAGNETS — CATALt 
$1.00. SASE: CHARLACO. BOX 16. PRES' 
PA 15142. 



OF INTEREST TO ALL 



POSTCARDS. POSTCARDS, POSTCARI 
FROM EUROPE) BEAUTIFUL SURPRII 

STARTER COLLECTION ONLY SIX DOLLAF 
ORDER AND CHECK TO: C. PHILLIPS. S 
19 AYLWIN CLOSE. NEWQUAY, CORNWAI 
ENGLAND TR7-3EF. MONEY BACK GUA 
ANTEE. 

BLACKJACK PLAYERS. Make $100 hou 
Guaranteed method. FREE REPOF 
1-800-842-0783. 

GINP THINK-TANK FAILS ALL JNIVE 
SfTIES' ESSENTIAL ACCREDITATIONS; 

technical, pseudo kpowledge. non-pseu 
knowledge $28.00. Box 40538. Redlord. 
48240. 

ORDER YOUR SECRET IRS, CIA, FBI RE 
ORDSI Free Information!! BLUETREE, B 
P4177. Mountainview, CA 94040. 



OLD GOLD/JEWELRY/WANTED 



TAKE NO CHANCES, Deal with oldest, mi 

reliable firm in old gold business. Establish 
1934. We buy Gold. Silver. Platinum. Diamon/ 
Highest Cash. Free information Rose 1 1 
tries. 29-Y East Madison. Chicago 60602. 



HIGHEST CASH for Gold. Jewelry. Gold H 
Rings. Diamonds. Watches. Silver, Platinu 
Mail Articles Today. Free gift with informatK 
Chicago Gold & Precious Metals. 10 S. Wabai 
Dept. 357, Chicago. 60603. 



PATCHES, DECALS, BADGES 



CUSTOMIZED PATCHES. PINS, DECAL 
FREE CATALOG. STADRI. 71 R TINKE 
STREET, WOODSTOCK, NY 12498. 



PHOTOGRAPHY 



3-D SLIDES FROM ANY 35MM CAMER 

Stunning results easily achieved. Free inforrr 
tion Allman. POB 34, Newton. MA 02161. 



PLANS & KITS 



PROJECTION TV KIT Projects incredible, cle 
7' picture on wall using your TV. $19.95. 
Marketing. 240 Portage Road. PO Box M 
Lewiston. NY, 14092. 
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PLANS, BLUEPRINTS 



(iNIBIKE OR GOCART Plans easily built, 
ease specify your choice. $7.00 each. Cartco. 
lO Box 360, 8389 Mayfield Rd. Chesterland. 

H 44026. 



ew Toilet Seat Lift! Plans $10. Expertek, PO 

n.Clatskanie, OR 97016. 



NOW YOU CAN DO IT ALL 




Buy local materials, make insulated plywood 
sandwich panels, and build this spacious 
dome incl. floor, door, windows, skylights, and 
water- proofing for $1700. Make into guest 
f oom, as shown, or connect several domes to 
:reate a super-efficient home, or...? Let us M 
you how in our 30-page, richly illustrated book: 

■HOW TO BUILD A DOME HOME" 
Send $7 to: 

KEY DOME, Dept PS 933 
"V . P.O.BOX 430253 
MIAMI. FL 33143 

Diameter 20 

HEIGHT 12 




LOWER BOX ENHANCERS. SCROLL Saw 
'lans. Colorful Characters Brighten Planters 
4.00. Goetz Enterprises. 218 Bramber Drive, 
iroomall. PA 19008 



Microwave operation tester make for under 
.5.00 Send $5.00: J.F. PLANS. Box 316. Love- 
ind. Ohio 45140. 



LOSET ORGANIZERS COMPLETE PLANS 
9 95 WORLDWIND PRODUCTS. 11522 SR 
4 ST. 339. DAVIE. FL 33325 



Build your 
child's dreams 

Top quality swing, 
1 (3 the cost. 
Step-by-step 

illustrated plans, 1 
Send $9.95+ 1.75 P/H to 

DL ENTERPRISES 

22 Jamestown Rd., Leominster, MA 01453 














PLASTICS 







ASTOLITE Liquid Plastics. Crystal clear, col- 
irs For casting, embedding, coating, fiberglass- 
ig. repairing and reproducing with our Mold 
taking Supplies Catalog $2.00. CASTOUTE. 
)ept 93A PS, 491 5 Dean. Woodstock, IL 60098. 



RUBBER, plastic compounds, techniques, 
ources Free information: Caster. Box 16586V3. 
/lemphis, TN 38186-0586. 



RADIO, TELEVISION 



SECRET Scanner Frequencies: Federal, Polite, 
etc. Free Catalog! CRB, Box 56PS, Commack, 
NY 11725. 



REAL ESTATE 



CALIFORNIA. Acreage. Lots. $50 down. $50 
monthly. 4602 Ethel Ave . Sherman Oaks, CA 
91423. 

NORTHERN IDAHO. 5-10-20 ACRES. Beauti- 
ful Northwest forest and lake country. Hunting, 
fishing, recreation, retirement. FREE brochure. 
NATIONAL ASSOCIATED PROPERTIES, 1 1 1 1 - 
C Sherman. Coeur d'Alene. ID 83814. (208) 
664-8161. 



GOVERNMENT LAND 

US CITIZENS ONLY 



20 acre claim program still available, gel yours lor S20 
government lee. in AK, AZ. AR. CA, CO, ID. MT, NV. 
NM, OR. UT. WA, WY For complete, step-by-step 
package including maps, telephone helpline, filing 
forms, etc send $20: or for more information send $3 
PUBLIC LANDS TITLE. PO Box 2945-PS Port Angeles 
WA 98362-0336 (this is not Homesteadmg, it's much 
easier and only costs $1 . per acre) 



GOVERNMENT HOMES from $1 (U repair). De- 
linquent tax property. Repossessions. Your area 
(1 ) 805 962-8000 Ext. GH-20025 for current repo 

list. 



. MONTANA 1 

Trees. Creeks and Wildlife. 20 QUALITY acres 
(and up), close to Yellowstone Park, starling 
al $7,450. Easy Owner Financing. Guaranteed 
Access. Warranty Deed. Free Color 
Brochure. 

Rocky Mountain Timberlands 
1315 East Main ■ Dept. PS. P.O. Box 1153 
Bozeman MT 59771-1 153 • (406) 586-8088 

— Call Toll Free: 1-800-682-8088 — 



• MONTANA LAND • 
20 ACRES - From $12,900 




Hike. camp. hum. Ii\h. 
explore Montana's 
unspoiled wilderness. 
Near nat'l tores! land 
& recreation areas. 
FREE BROi III tit: 



EXCELLENT I ; I N A N C I N G 



Call Toll-Free 1-800-252-I.AND 

in Montana rail 40h-5K7-5469 
YdlimstiMK- Basin I'ruprrtMrs 

YtUWkrn iWufond 



GOVERNMENT LAND now available for claim. 
Up to 160 acres person. Free recorded mes- 
sage: (707)448-1887. (4JG6) 



RECIPES 



EASY HOMEMADE PIZZA — 4 delicious reci- 
pes of America's favorite food. Send $5.00 
SASE Kath, Box 11820, Philadelphia, PA 
19128. 



ROOFING 



STOPPING FLAT ROOF PROBLEMS SINCE 
1978 liquid applied fiberglass reinforced acrylic 
roofing system. Waterproofs asphalt, metal, new 
sheathing. Call Polar Sear. 1-800-343-7663 
weekdays 8-5 CST 



SATELLITE TV 



SUPER low satellite prices. Free U.S.— 
International catalog. Salman. 800-472-8626. 



Satellite-TV I 

700% Satisfaction 
Guarantee 




FREE 

56 Page 
Catalog Buyer's Guide 



• At! Major Brand* 

■ Compiata Sytlamt 

• Acc*atorlat. 

■ Huga Savings 

• Easy Installation 
i Compiata Intruct. 



Over 40,000 Satisfied Customers 
1-800-334-6455 

SKYVISION INC. 

1030 FRONTIER DRIVE 
FERGUS FALLS. UN S6M7 



INSTALL OR UPDATE YOURSELF! 



QUICK AND EASY MONTHLY SATELLITE 
AUDIO CODES. 1 -900-454-2474. ONLY $2.99 
PER CALL! Testing purposes only. ECE. BM. 
CA. 18 + . 



SCIENCE & CHEMISTRY 



"EXPERIMENTERS" LABORATORY CHEMI- 
CALS - GLASSWARE, Catalogue $2.00. Estab- 
lished 1953. Hagenow Laboratories. 1302 
Washington. Manitowoc. Wl 54220 

ROBOTICS, ASTRONOMY, PHYSICS. CHEM- 
ISTRY AND LABORATORY SUPPLIES CATA- 
LOG. $3.00 REFUNDABLE. SINCE 1970. SAVE 
UP TO 30%! ANALYTICAL SCIENTIFIC, 1 1049 
BANDERA. SAN ANTONIO. TX. 78250. VISA. 
512-684-7373 

CHEMICALS, GLASSWARE, ETC. Anything 
you need we get. Catalog $3.00 Refundable 
Advanced Scientific, 1318 N. Dixie HWY. Holly- 
wood, FL 33020. 305-927-2700. 

Solar Shuttle 10' » 2\ Exposed to sunlight it 
flies Send $9 00 to: Rt 1 . Box 273. Callaway. VA 
24087. 

SUPERCONDUCTIVITY. Explore The Revolu- 
tionary Technology That Will Change Your 
World! $1 .00: SUPERCONDUCTORS. P.O. Box 
7349, Torrance. CA 90504. 



SONG WRITERS 



$1,200.00 CASH! Your poems Needed For New 
Songs. Broadway Music Productions. Box 7438-, 
PS. Sarasota, FL 34278 



STAMP COLLECTING 



50 Different Selected United States Stamps. 
Only $1.00 Tom Roush. P.O.Box 249M, River- 
side, TX 77367-0249. 

UNITED STATES 1 0 mint commemoratives 10c. 
Approvals Cornetta. POB 1509-S. Lake Placid, 
FL 33852. 

1.000 STAMPS. 52 95 Guaranteed Worth Over 
$30 at International Catalog Prices! All-Different. 
55 Countries! Money Back. Other stamps to buy 
or return. Kenmore. OM-773. Miltord. NH 03055 

FREE GIANT BARGAIN STAMP CATALOG. 
FULL OF ALL THE LATEST OFFERINGS ON 
WORLDWIDE STAMPS. ACCESSORIES AND 
SUPPLIES, BASEBALL CARDS, POSTCARDS 
AND BANKNOTES. PLUS YOU'LL RECEIVE 
STAMPS ON APPROVAL. BUY ONLY WHAT 
YOU LIKE. RETURN BALANCE. SATISFAC- 
TION GUARANTEED. JAMESTOWN STAMP 
COMPANY, INC.. DEPT. E33PS, JAMESTOWN. 
NY. 14701-0019. 

200 Worldwide 25c with Approvals. KLOSTER. 
18289 Bunny, Jamul. CA 91935. 

FREE COLORFUL. EXCITING Worldwide Pack- 
et Penny Approvals. Froehlich, Box 177DB. Pine 
River. Wl 54965 

200 worldwide stamps 10c Approvals White. 
Box 99S-FF. Dunedin. FL 34697. 



300 BREATHTAKING STAMPS— 25 Countries. 
Only $1 .00 with latest bargains and sensational 
approvals. NeoTrends. SC93, Box 982F. Toronto, 
Canada M4Y 2N9 

DISCOUNT STAMPS. REQUEST COUN- 
TRIES. FREE LIST. Iva, Box 197-B, Hanford, CA 
93232. 



TOOLS & MACHINERY 



mawMsrsn up-oate your snoram 

CATALOG $1.00 



TMU, HI IMJ, 



Acctssones. 
books!!' 



I-BLUER1DGE* 




800-872-6600 vba . m*jte»o*o • COCOVB) 



BOX 5J&PS . HURRICANE. UJU . 2S526 



4" METAL Cutting Lathe. Taig. 21069 124th St., 
Chandler. AZ 85249. 




LATHES 

■STARTING AT $350 
•MILLS •METALS •BOOKS 
•PRECISION 
INSTRUMENTS 

Catalog $2.00 
(51J) 322-8562 

CAMPBELL TOOLS COMPANY 

2100-P Selma Rd. • Sprlr.gfi.eld, OH 45505 



BOLTS, SCREWS, TOOLS, WHOLESALE, DI- 
RECT. Guaranteed. Catalog $2.00 (refundable). 
Camelot. Dept. 33. Box 65. Bristol. Wl 53104. 



POWER BAND 

• FAST t EFFICIENT 

• CUT UP TO 8X12 
- BUILD WITH 

AUTO PARTS 

• SAVE HUNDREDS' 



PLANS 
$12.95 

FULLY OETAILEO 
A ILLUSTRATED 



CUT OFF SAW 

EASY TO BUILD! 

A PLEASURE 
TO OWN 




VIDEO EQUIPMENT 



MICROWAVE TV RECEIVERS 1.9 to 2.7 GHz 



f 



36 CH 20' Parabolic Mi Sys '173 90 

3o CH 28' Sod Anl Syi '193.90 

36 CH 16.20' Grid Art Syi |photo| "289 00 
36 CH 24,36' God Anl Sys '314 95 

SUN MKDOWAVt INT'L INC 
PO BOX MU1 S.nd SI- k» 

PHOiMX. AZ S 5047 praduat • 

14021 230 13*5 Daator 
MX (601) 249-4049 

OtDftS ONIY 1 -100-444 4190 <*h 9791 



WATER PURIFICATION 



WATERWISE PURIFIERS homemade dis- 
tilled. (800) 874-9028. Box 45981 . Center Hill, FL 
33514-0459. 



WINEMAKING 



BEERMAKERS— Wmemakers Free Catalog. 
Fast Service. Free Recipes. Cellar-S. Box 
33525, Seattle. WA 98133. 800-342-1871. 



teach 4.2 million readers every month with an ad in Popular Science Classified Opportunity Mart. May '93 issue deadline (on sale April 13th) is Feb. 12th. 
3ates: $12.40 per word. Minimum ad 12 words. Darker type (bold) words $1 .00 per word extra. Display Classified: $690 per inch. Payment with order, or charge 
your Visa, MasterCard, American Express, Discover Card or Diners Club account (give number arid expiration). Advertisers using box number in ad must 
furnish name and street address for our records. Send order and remittance payable to POPULAR SCIENCE, Classified, 2 Park Avenue, New York, NY 10016. 
For advertising information call 800445-271 4 ext. 5163 or 5132. PAX # 212-779-5568. 

Popular Science reserves the right to refuse any advertising order. Only publication of an advertisement shall constitute final acceptance for continued 
publication. All orders are subject to the applicable rate card, copies of which are available upon written request sent to the address provided. 
Lisa Kunin, Classified Advertising Representative 
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looking Back 

Sampling a century of Popular Science 



0%£ MARCH 1968 

M Out of Lockheed by way of 

.^■iHtr the U.S. Army has come a 

YEARS AGO "third-generation" heli- 
copter, born just a quarter-century af- 
ter this type of flying machine came of 
age. Its performance is stunning. 

Its speed is 100 mph faster than 
that of any rotary-wing aircraft now 
in service, Lockheed engineers say. 
Most of the teeth-jarring vibration as- 
sociated with helicopters is gone, 
making the craft a stable gun plat- 
form in combat. It also thinks it's an 
airplane — it can loop and roll. Finally, 
the new chopper can streak from hov- 
ering at zero forward speed to 230 
mph in 38 seconds, and decelerate 
from that to zero hover in 17 seconds. 



M MARCH 1943 
An adaptation of the 
sewing machine's "uninter- 
YEARSA60 rupted thread supply" to 
surgical suturing has resulted in a 
new stitcher. This mechanical device 
cuts precious minutes from operating 
time and eliminates the danger of 



The performance of the new 
rotary-wing craft is due almost 
solely to a change in the blade 
attachment that has been in 
use for more than 45 years. The 
secret is a small, four-arm con- 
trol gyroscope atop the craft's 
rotor mast that whirls in con- 
cert with the rotor blades. 

The Army, always at logger- 
heads with the Air Force over 
which service will own what 
combat aircraft, is delighted 
with the Cheyenne. As a gyro- 
stabilized gun platform with 
computerized fire control and laser- 
beam range-finding, it is designed to 
escort troop-transport choppers into 
battle. But the helicopter also is capa- 



spreading infection. The secret of the 
instrument's speed is that the needle 
can shuttle back and forth without 
stopping for fresh thread with every 
stitch. When the tip of the device is 
inserted, the needle is driven into the 
skin only far enough to allow the sur- 
geon to catch the loop of the suture, so 




The Army plans to buy hundreds of the new 250-mph 
Lockheed Cheyenne helicopters. 
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1AA MARCH 1893 

Rainfall is the source of all 
■^F^F underground water, and 
YEARS AGO with the exception of cer- 
tain deep-seated artesian wells, the 
source is always the rain that falls in 
the immediate vicinity. 

Part of the rainfall is quickly 
drained away by surface channels, a 
part is evaporated, and a third is im- 
bibed by the rocks and soil. The distri- 
bution of the rainfall in the above 
manner varies with the climate and 
geologic conditions, but so far as un- 
derground waters are concerned, it is 
necessary to consider only the water 
that sinks into the ground. 

That portion of the earth visible to 
human inspection is more or less sat- 



urated with water. In times of 
drought and in arid regions this is 
not always evident at the immediate 
surface, where evaporation is taking 
place. But, a post hole, a blast in a" 
quarry, or a newly dug well reveals 
the dampness of the rock material. 
This moisture is sometimes invisible 
to the eye, but in general its quantity 
varies in proportion to the compact- 
ness or porosity of the rocks, the 
number of joints, fissures, or other 
crevices, and the topographic situa- 



ble of search-and-destroy missions, 
flying low and slow, or high and fast, 
with a versatility beyond that of fixed- 
wing jets. 



that no part of the thread is needless- 
ly contaminated. The surgeon then 
knots the thread, snips it with the 
sharp lance point of the needle, and, 
with a slight pressure of his thumb, 
releases sterile thread for the next 
stitch. 

A novel feature of the suturing 
unit's metal container, which has 
been designed for military use, is a 
bayonet that can be extended from 
the side of the case and driven into 
the ground. The surgical stitcher was 
developed by the Singer Sewing Ma- 
chine Company. 

A mechanical stitcher speeds surgical sutures. 



tion that controls the drainage in the 
area. 

All rocks imbibe moisture in propor- 
tions varying with their physical 
structure. Rocks that have imbibed 
all the moisture they can contain are 
in a condition of saturation, and all 
water in excess of this amount will 
pass off by gravity or evaporation. 
The excess above the saturation point 
is available as the source of springs, 
but the supply of wells is from the sat- 
urated ground. 




The drawing shows a favorable geologic structure for an artesian well (for right). 
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There's one 
big difference between 

Viceroy and the others. 

The price. 




Viceroy is always priced lower than Marlboro and Winston. 

About $4- a carton lower* 

Viceroy The Red Pack at the Right Price. 



SURGEON GENERAL'S WARNING: Cigarette 
Smoke Contains Carbon Monoxide. 



* Based on manufacturers' list prices, 
exclusive of coupons. 
Prices optional with retailers. 

Viceroy Kings, 17 mg. "tar", 1.2 mg. nicotine 
av. per cigarette by FTC method. « i993bswico 



The Van That Can. 

Chevy Astro All-Wheel Drive. 

The only mid-size van with 5250-lb. towing.* Standard 200-horsepower V6. 

Available seating for eight. Available Dutch doors 

4-wheel anti-lock brakes (ABS) standar 

3-year/36,000-mile Bumper to Bumper Plus Warr, 

No deduc 

More than 98% of all Chevy trucks sold 
in the last 10 years are still on the road. Over the years, no other truck 
is that dependable, foreign or domestic." 

Chevrolet. The Most Dependable, Longest-Lasting Trucks. 

LIKE A ROCK 






